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VERTICAL  CURVES 


Formulae 

A— Difference^  elevation  ( d ) at  center  of  curve  expressed  in  feet  = J4  (algebraic  difference 
of  the  tangent  grades  expressed  in  feet  per  100)  X (length  of  curve  expressed  in  stations  of  100 
feet). 

B— Intermediate  difference  of  elevations  between  tangent  grades  and  point  on  vertical 
curve. 

d':d:  :t' 


SIMPLE  DEGREE  CURVES 

D= Degree  of  curve 
R= Radius 
L= Length  of  curve 
T=  Tangent  distance 
E=  External 

A = (Delta)  Central  angle 
To  find 

Degree  of  curve:  (based  on  100  foot  chord) 
Sine 


Radius: 


50 


Length  of  curve:  £=100 


Sine  \I> 

A 


D 


Tangent  distance:  T=R  tan  JA 


External:  E=R  Ex.  Sec  JA  or  E=- -r  — R 

Cos  | 


Total  deflection =|A 
Deflection  for  100  feet =\D 
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SHORT  RADIUS  CURVES 


Radius 

Chord 

Degree 
of  curve 

Deflec- 
tion for 
chord 

Deflec- 
tion 
1 foot 

Minutes  in  decimal  of  degrees 

o 

o 

/ 

, 

/ 

o 

/ 

o 

30 

10 

191. 87 

9 

36 

57.6 

00 

0.00 

30 

0.  50 

35 

10 

164.  26 

8 

13 

49.3 

01 

.02 

31 

.52 

40 

10 

143.  62 

7 

11 

43.1 

02 

.03 

32 

.53 

45 

10 

127.  59 

6 

23 

38.3 

03 

.05 

33 

.55 

50 

20 

115.  33 

11 

32 

34.6 

04 

.07 

34 

. 57 

60 

20 

95. 94 

9 

36 

28.8 

05 

.08 

35 

.58 

75 

20 

79.  62 

7 

40 

23.0 

06 

.10 

36 

.60 

90 

20 

63.  79 

6 

23 

19.1 

07 

.12 

37 

.62 

100 

25 

57. 45 

7 

11 

17.2 

08 

.13 

38 

.63 

110 

25 

52.  20 

6 

32 

15.7 

09 

.15 

39 

.65 

125 

25 

45.91 

5 

44 

13.8 

140 

25 

40.  98 

5 

07 

12.3 

10 

.17 

40 

.67 

150 

25 

38.  24 

4 

47 

11.5 

11 

.18 

41 

.68 

180 

25 

35.  85 

4 

29 

10.3 

12 

.20 

42 

.70 

175 

25 

32.  77 

4 

06 

9.8 

13 

.21 

43 

.72 

185 

25 

30.  99 

3 

53 

9.3 

14 

.23 

44 

.73 

200 

50 

28.  73 

7 

11 

8.6 

15 

.25 

45 

.75 

225 

50 

25.  52 

6 

23 

7.6 

16 

.27 

46 

.77 

250 

50 

22. 96 

5 

44 

6.9 

17 

.28 

47 

.78 

275 

50 

20.  87 

5 

13 

6.3 

18 

.30 

48 

.80 

300 

50 

19. 12 

4 

47 

5.7 

19 

.32 

49 

. S2 

325 

50 

17.  65 

4 

25 

5.3 

350 

50 

16.  38 

4 

06 

4.9 

20 

.33 

50 

.83 

400 

50 

14.  33 

3 

35 

4.3 

21 

.35 

51 

.35 

450 

50 

12. 73 

3 

11 

3.8 

22 

.37 

52 

.87 

500 

50 

11. 47 

2 

52 

3.4 

23 

.38 

53 

.88 

550 

50 

10. 42 

2 

36 

3.1 

24 

.40 

54 

.90 

600 

50 

9.  55 

2 

23 

2.9 

25 

.42 

55 

.92 

700 

100 

8. 19 

4 

06 

2.5 

26 

.43 

56 

.93 

800 

100 

7. 17 

3 

35 

2.1 

27 

.45 

57 

.95 

900 

100 

6.  37 

3 

11 

1.9 

28 

.47 

58 

.97 

1,000 

100 

5.  73 

2 

52 

1.7 

29 

.48 

59 

.98 

Curve  formulae 

(Ext.=R.  Ext.  Sec.  |A)  (sadlus-^fg^) 

^ Radius ^ ^Tan^A"  ) (Tang.  Dist.  = R.  Tan.  §A) 

(L-  0 ~ = Deg.  of  curve ) (Cen'  Ang'  of  ohord=2  Def-  Ang-> 
(Def.forlfoot=^5i:) 

Note.— Degree  of  curve  based  on  chord  shown. 
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TANGENT  OFFSETS  FOR  CURVES,  Radius  30  to  1,000  feet 

From  P.  C.  or  P.  T.  toward  P.  I.  in  tenths  of  radius  distance 


Tangent  distance  in  tenths  of  radius 


Radius 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

30 

0. 15 

0.  61 

1.38 

2. 50 

4. 02 

6. 00 

8. 58 

12. 00 

18. 92 

40 

.20 

.81 

1.84 

3. 34 

5.  36 

8.  00 

11.43 

16.  00 

22.  56 

50 

.25 

1.01 

2.  30 

4. 17 

6.  70 

10.  00 

14.  29 

20.00 

28.  21 

60 

.30 

1.  21 

2.  76 

5. 00 

8.  04 

12. 00 

17. 15 

24. 00 

33. 85 

70 

.35 

1. 41 

3. 22 

5. 84 

9.  38 

14. 00 

20. 01 

28. 00 

39. 49 

80 

.40 

1.62 

3.  68 

6.  67 

10.  72 

16. 00 

22. 87 

32.  00 

45. 13 

90 

.45 

1.82 

4. 15 

7.51 

12.  06 

18.  00 

25.73 

36.  00 

50.  77 

100 

.50 

2. 02 

4.  61 

8.  34 

13.  40 

20.  00 

28.  59 

40.  00 

56.41 

110 

.55 

2.  22 

5.  07 

9. 17 

14.  74 

22.00 

31.44 

44.  00 

62. 05 

120 

.60 

2. 43 

5.  53 

10.  01 

16.  08 

24.  00 

34.  30 

48.00 

67.  69 

130 

.65 

2. 63 

5.  99 

10. 84 

17. 42 

26. 00 

37. 16 

52.00 

73.  33 

140 

.70 

2.  83 

6.  45 

11.  67 

18.  76 

28.  00 

40.  02 

56.  00 

78. 98 

150 

.75 

3.  03 

6.  91 

12.51 

20. 10 

30. 00 

42. 88 

60.  00 

84.  62 

160 

.80 

3.  23 

7.  37 

13. 34 

21. 44 

32.  00 

45.  74 

64.  00 

90.  26 

170 

.85 

3. 44 

7. 83 

14. 18 

22.  77 

34.  00 

48.  60 

68. 00 

95. 90 

180 

.90 

3.64 

8.  29 

15. 01 

24.11 

36. 00 

51.  50 

72. 00 

101.  50 

190 

.95 

3.84 

8.  75 

15. 84 

25. 45 

38.  00 

54.  30 

76. 00 

107.  20 

200 

1.00 

4.04 

9.  21 

16.  68 

26.  79 

40.  00 

57. 20 

80.  00 

112. 80 

210 

1.05 

4. 24 

9.  67 

17.51 

28. 13 

42.  00 

60.  00 

84. 00 

118.  50 

220 

1. 10 

4. 45 

10. 13 

18.  35 

29. 47 

44. 00 

62. 90 

88.  00 

124. 10 

230 

1. 15 

4.  65 

10.  59 

19. 18 

30.  81 

46.00 

65. 70 

92. 00 

129.  70 

240 

1.  20 

4. 85 

11.05 

20.01 

32. 15 

48.00 

68.  60 

96.  00 

135. 40 

250 

1. 25 

5.  05 

11.  52 

20. 85 

33. 49 

50.  00 

71.  50 

100. 00 

141. 00 

275 

1.  37 

5.  56 

12.  67 

22. 93 

36. 84 

55.00 

78.  60 

110.  00 

155. 10 

300 

1.  50 

6. 06 

13.  82 

25. 02 

40. 19 

60.  00 

85. 80 

120.00 

169.  20 

325 

1.63 

6.  57 

14. 97 

27. 10 

43.  54 

65. 00 

92. 90 

130. 00 

183. 30 

.350 

1.  75 

7.  07 

16. 12 

29. 19 

46. 89 

70. 00 

100. 10 

140.  00 

197.40 

400 

2. 00 

8.08 

18. 42 

33.  36 

53.  59 

80. 00 

114. 30 

160. 00 

225.  60 

450 

2. 25 

9.  09 

20.  73 

37.  53 

60.  29 

90.  00 

128.  60 

180. 00 

253. 80 

500 

2.  50 

10. 11 

23.  03 

41.  70 

66. 99 

100. 00 

142. 90 

200. 00 

282. 10 

550 

2.  75 

11. 12 

25. 33 

45.  86 

73.  68 

110. 00 

157. 20 

220.  00 

310.  30 

600 

3. 00 

12. 13 

27.  84 

50.  03 

80.  38 

120.  00 

171.  50 

240. 00 

338.  50 

700 

3.  50 

14. 15 

32.  24 

58. 37 

93.  78 

140. 00 

200. 10 

280. 00 

394.  90 

800 

4.  00 

16. 17 

36. 85 

66. 71 

107.  20 

160.  00 

228. 70 

320.00 

451. 30 

900 

4.  50 

18. 19 

41.45 

75. 05 

120.  60 

180.  00 

257. 30 

360.00 

507.  70 

1,000 

5.  00 

20.  21 

46. 03 

83. 39 

134. 00 

200. 00 

285. 90 

400.00 

564. 10 

Factor.. 

0. 005 

0. 02021 

0.04606 

0. 0S339 

0. 13397 

0.  2000 

0. 28586 

0. 4000 

0. 56411 

To  find  the  tangent  offset  for  any  radius  take  the  factor  from  the  above  table  under  the 
column  for  the  required  tenth  of  radius  distance  and  multiply  the  factor  by  the  radius. 

Example.— Required  tangent  offset  for  215-foot  radius  curve  at  0.4  of  radius  distance. 
From  table  opposite  “ Factor”  under  “0.4”  take  factor  0.08339  and  multiply  this  by  215  as 
follows:  Tangent  offset =0.08339X215 =17. 93. 
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Formula  for  tangent  ofiset= Radius— VRadius2— tangent  distance2=  OT— V OF2—  TD2 


<• 


O /O  20  30  40  50  60  70  80 

LE/VGTH  OFEXTEEA/AL  /N  FEET 


<f  0 


LENGTH  OF  TANGE  nr  /N  FEET 

) 80  30  too  no  120  130  140  /SO  160  /70  /SO  /. 90  206 


JD  5 O..  in  o 

5 $ <T)  ®1  <Q  ID 


_?7fw  ivy. in jo  jo  3333930 

^D'oOfnO'oov) 


O |o  O If,  Q 


P £ 


•o  o >o 

O O ^ 


o 


&°!0P!2<3{qp!oo'd.o 

cOoDN'N‘0\o'0,0^><y)or) 

319NV  lvyj.H30  JO  3333930 
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0 80  30  100  //0  120  /30  MO  /SO  /60  / 70  /QO  /SO  200 

LENGTH  OF  TANGENT  IN  FEET 


# 


(• 


<• 


MIDDLE  ORDINATES 


* 


# 


# 


<• 


TABLE  OF  TANGENT  LENGTHS  AND  TANGENT  OFFSETS 


100 

Tangent 

19S50 

i l t>OOOM®  eOr-liQt-  iQC0n<® 

i l IQ  ® n?  ®'  CO  05  CM  n?  05  CO  n?  CM  © 
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l 1 IQ  CD  r»  GO  CO  00®®®  ® ® ® ® 

80 
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TABLE  OF  DEFLECTION  ANGLES 


I 

o 

822  8288  2888  8222 
2£8  3838  8222  °>00^l° 
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o 

838  2385:  33SS  88SS 
S35?  8388  3523 
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' 8282  3888  8282  8828 
o £S38  8888  2S^°  ^0l0^ 

' 3888  8328  3883  3233 
o 8838  8888  22200  '0l010'* 

§ 
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' 2S88  3882  2888  2828 
° 3338  3322  22°°°  l°^eo 

§ 

1 

' 3383  8388  8822  3883 
° 3888  8223  3C5^l°  ^wc* 

~ 2ggg  S83S3  S5838  s-sss 

o 88S32  S323  ««""« 
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- 8838  2388  2228  3223 

° CM  CM  2 3 NOCIOO  t^»OTfiCO  CM  CM  CM  r-< 
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' 8888  3282  3332  8888 

o ^ 3 3 05  00  CD  ^ -'f  CO  CM  CM  HHHH 

s 

" 8223  8823  8888  £383 

O OiNiO^  rf<  CO  CO  CM  CMHrHH  OOOO 

Degree 
of  curve 

191.  00 
143.  26 
114.  60 
95.  50 

81. 87 
71.  62 
63.  67 
57.  30 

47.75 
38.  20 
28.  65 
22. 92 

19. 10 
16.  37 
14.  32 
11.46 

1 

1 

i 

Mi  Mi!  Mi!  ii 
iii  iiii  iiii  ii 

iii  an  an  m 

y 

1 

8288  2882  2288  1111 

p 
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TABLE  OF  MIDDLE  ORDINATES 


Chord  length,  in  feet 


Radius  of  curve 

10  • 

15 

20 

25 

1 

30 

40 

50 

60 

70 

80 

90 

100 

Middle  ordinate,  in  feet 

SO  fftp.t.  

0.4 

1.0 

1.7 

2.7 

4.0 

7.6 

13.4 

30.0 

40  feet 

0.3 

0.7 

1.3 

2.0 

2.9 

5.3 

8.9 

13.5 

20.6 

40.0 

50  feet 

0.3 

0.6 

1.0 

1.6 

2.3 

4.2 

6.7 

10.0 

14.2 

20.0 

28.2 

50.6 

60  feet 

0.2 

0.5 

0.8 

1.3 

1.9 

3.5 

5.4 

8.0 

11.2 

15.3 

20.5 

26.8 

70  feet 

0.4 

0.7 

1.1 

1.6 

2.9 

4.6 

6.8 

9.4 

12.6 

16.4 

21.0 

80  feet 

0.6 

1.0 

1.4 

2.6 

4.0 

5.8 

8.1 

10.7 

13.8 

17.6 

00  feet 





0.6 

0.9 

1.3 

2.3 

3.5 

5.1 

7.1 

9.4 

12.1 

15.2 

100  feet 

0.8 

1.1 

2.0 

3.2 

4.6 

6.4 

8.3 

10.8 

13.4 

19.0  feet 

0.6 

1.0 

1.7 

2.6 

3.8 

5.4 

6.9 

9.0 

10.9 

150  feet 

0.8 

1.3 

2.2 

3.0 

4. 1 

5.4 

6.9 

8.6 

200  feet 

0.6 

1.0 

1.6 

2.3 

3. 1 

4.0 

5.2 

6.4 

250  feet 

0.5 

0.8 

1.3 

1.8 

2.5 

3.2 

4.1 

5.1 

300  feet 

0.4 

0.7 

1.1 

1.5 

2.1 

2.7 

3.4 

4.2 

350  feet 

0.6 

0.9 

1.3 

1.8 

2.3 

3.0 

3.6 

400  feet 

0.5 

0.8 

1.1 

1.5 

2.0 

2.5 

3.1 

500  feet 

0.7 

0.9 

1.2 

1.6 

2.0 

2.5 

11 


# 


12 


# 


# 


0 


IB 


# 


# 


QUANTITIES  OF  INGREDIENTS  OF  VARIOUS  PROPORTIONS 


Ingredients  required  for  1 cubic  yard  of  rammed  concrete 


Proportion  of 
ingredients 

Stone,  1 inch  and 
under,  dust 
screened  out 

Stone,  2lA  inches 
and  under,  dust 
screened  out 

Stone,  2 A inches, 
with  most  small 
stone  screened  out 

Gravel,  inch 
and  under 

1 Cement  | 

Sand 

Stone 

Cement 

Sand 

Stone 

Cement 

Sand 

Stone 

Cement 

Sand 

Stone 

Cement 

Sand 

Gravel 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Bbl. 

Yd. 

Yd. 

Bbl. 

Yd. 

Yd. 

Bbl. 

Yd. 

Yd. 

Bbl. 

Yd. 

Yd. 

1 

1.0 

2.0 

2. 57 

0.  39 

0.  78 

2. 63 

0. 40 

0. 80 

2. 72 

0. 41 

0. 83 

2. 30 

0. 35 

0. 74 

1 

1.0 

2.5 

2.29 

.35 

.88 

2. 34 

.36 

.89 

2.41 

.37 

.92 

2. 10 

.32 

.80 

1 

1.0 

3.0 

2.06 

.31 

.94 

2. 10 

.32 

.96 

2. 16 

.33 

.98 

1. 89 

.29 

.86 

1 

l.G 

3.5 

1.84 

.28 

.98 

1.  88 

.29 

1.00 

1.88 

.29 

1.  05 

1.71 

.26 

.91 

1 

1.5 

2.5 

2.  05 

.47 

.78 

2.  09 

.48 

.80 

2. 16 

.49 

.82 

1. 83 

.42 

.73 

1 

1.5 

3.0 

1.  85 

.42 

.84 

1. 90 

.43 

.87 

1.96 

.45 

.89 

1.71 

,39 

.78 

1 

1.5 

3.5 

1.72 

.39 

.91 

1.74 

.40 

.93 

1.79 

.41 

.96 

1.  57 

.36 

.83 

1 

1.5 

4.0 

1.  57 

.36 

.96 

1.61 

.37 

.98 

1.64 

.38 

1.00 

1.46 

.33 

.88 

1 

1.5 

4.5 

1. 43 

.33 

.98 

1.46 

.33 

1. 00 

1.51 

.35 

1.  06 

1.34 

.31 

.91 

1 

2.0 

3.0 

1.  70 

.52 

.77 

1.  73 

.53 

.79 

1.  78 

.54 

.81 

1.54 

.47 

.73 

1 

2.0 

3.5 

1.  57 

.48 

.83 

1.61 

.49 

.85 

1. 66 

.50 

.88 

1.44 

.44 

.77 

1 

2.0 

4.0 

1. 46 

.44 

.89 

1.48 

.45 

.90 

1.  53 

.47 

.93 

1.  34 

.41 

.81 

1 

2.0 

4.5 

1.  36 

.42 

.93 

1.38 

.42 

.95 

1.43 

.43 

.98 

1.  26 

.38 

.86 

1 

2.0 

5.0 

1.  27 

.39 

.97 

1.29 

.39 

.98 

1.33 

.39 

1. 03 

1. 17 

.36 

.89 

1 

2.5 

3.5 

1. 45 

. 55 

. 77 

1. 48 

.56 

.79 

1.  51 

.58 

.81 

1.32 

.50 

.70 

1 

2.5 

4.0 

1.35 

.52 

.82 

1.38 

.53 

.84 

1.42 

.54 

.87 

1.24 

.47 

.75 

1 

2.5 

4.5 

1.  27 

.48 

.87 

1.29 

.49 

.88 

1.  33 

.51 

.91 

1. 16 

.44 

.80 

1 

2.5 

5.0 

1. 19 

.46 

.91 

1.21 

.46 

.92 

1.  26 

.48 

.96 

1. 10 

.42 

.83 

1 

2.5 

5.5 

1.13 

.43 

.94 

1. 15 

.44 

. 96 

1. 18 

.44 

.99 

1. 03 

.39 

.88 

1 

2.5 

6.0 

1. 07 

.41 

.97 

1.07 

.41 

.98 

1. 10 

.41 

1.  03 

.98 

. 37 

.89 

1 

3.0 

4.0 

1.26 

.58 

.77 

1. 28 

.58 

.78 

1.32 

.60 

.80 

1.15 

.52 

.72 

1 

3.0 

4.5 

1. 18 

.54 

.81 

1.20 

.55 

.82 

1.24 

.57 

.85 

1.  09 

.50 

.75 

1 

3.0 

5.0 

1.11 

.51 

. 85 

1. 14 

.52 

.87 

1. 17 

.54 

.89 

1.03 

.47 

.78 

1 

3.0 

5.5 

1. 06 

.48 

.89 

1.07 

.49 

.90 

1.11 

.51 

.93 

.97 

.44 

.81 

1 

3.0 

6.0 

1.01 

.46 

.92 

1.02 

.47 

.93 

1.  06 

.48 

.97 

.92 

.42 

.84 

1 

3.0 

6.5 

.96 

.44 

.95 

.93 

.44 

.96 

1.00 

.45 

1.01 

.88 

.40 

.87 

1 

3.0 

7.0 

.91 

.42 

.97 

.92 

.42 

.98 

.94 

.42 

1.  05 

.84 

.38 

.89 

1 

3.5 

5.0 

1.05 

.56 

.80 

1. 07 

.57 

.82 

1.11 

.59 

.85 

.96 

.50 

.76 

1 

3.5 

5.5 

1.00 

.53 

.84 

1.02 

.54 

.85 

1.06 

.56 

.89 

.92 

.48 

.78 

1 

3.5 

6.0 

.95 

.50 

.87 

.97 

.51 

.89 

1. 00 

.53 

.92 

.88 

.46 

.80 

1 

3.5 

6.5 

.92 

.49 

.91 

.93 

.49 

.92 

.96 

.51 

.95 

.83 

.44 

.82 

1 

3.5 

7.0 

.87 

.47 

.93 

.89 

.47 

.95 

.91 

.49 

.98 

.80 

.43 

.85 

1 

3.5 

7.5 

.84 

.45 

. 96 

.86 

.45 

.98 

.86 

.47 

1.01 

.76 

.41 

.87 

1 

3.5 

8.0 

.80 

.42 

.97 

.82 

.43 

1.01 

.81 

.45 

1.04 

.73 

.39 

.89 

1 

4.0 

6.0 

.90 

.55 

.82 

.92 

.56 

.84 

.95 

.58 

.87 

.83 

.51 

.77 

1 

4.0 

6.5 

.87 

.53 

.85 

.88 

.53 

.87 

.91 

.55 

.90 

.80 

.49 

.79 

1 

4.0 

7.0 

.83 

. 51 

.89 

.84 

.51 

.90 

.87 

.53 

.93 

.77 

.47 

.81 

1 

4.0 

7.5 

.80 

.49 

.91 

.81 

.50 

.93 

.84 

.51 

.96 

. 73 

.44 

.83 

1 

4.0 

8.0 

. 77 

.47 

.93 

.78 

.48 

.95 

.81 

.49 

.98 

.71 

.43 

.86 

1 

4.0 

8.5 

.74 

.45 

.95 

. 76 

.46 

.98 

.78 

.47 

1.01 

.68 

.42 

.88 

1 

4.0 

9.0 

.71 

.43 

.97 

.73 

.44 

1.01 

.75 

.45 

3.04 

.65 

.40 

.89 

1 

5.0 

9.0 

. 66 

.50 

.90 

.67 

.52 

.93 

.70 

.53 

.95 

.61 

.46 

,83 

1 

5.0 

10.0 

.62 

.47 

.95 

.63 

.48 

. 96 

.65 

.50 

1.00 

.57 

.43 

.87 

14 


* 


» 


CONCRETE 


Curve  B to  be  used  for  design  where  the  water-cement  ratio  is  indifferently 
controlled  and  where  only  rough  methods  are  used  for  measuring  quantities 
of  materials.  Cr.  Portland  Cement  Ass’n. 
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SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  1:1 


Width  of  finished  road 


9 

10 

11 

12 

5 

B , 

c ! 

S 

A 

B 

C 

S 

A 

B 1 

c 

S 

A 

B 

C 

S I 

A 

10 

1.8 

0.  5 

5.4 

1.3 

5.3 

0.6 

5.9 

1.6 

5.9 

0.7 

6.6 

1.6 

6.5 

0.7 

7.2 

2.2 

12 

1.8 

0.  7 

5.5 

1.6 

5.3 

0.7 

6.1 

2.0 

5.9; 

0.8 

6.8 

2.4 

6.4 

0.9 

7.4! 

2.8 

14 

1.8 

0. 8 ! 

5.7 

1.9 

5.3 

0.9 

6.3 

2.4 

5.9 

1.0 

7.0 

2.9 

6.4 

1.1 

7.6 

3.4 

16 

1.9 

0.9 

5.8 

2.2 

5.4 

1.0 

6.4 

2.8 

6.0 

1.2 

7.2 

3.4 

6.5 

1.2 

7.8 

4.0 

18 

1.9 

1.1 

6.0 

2.5 

5.4 

1.2 

6.6 

3.2 

6.0 

1.3 

7.4 

3.9 

6.5 

1.4 

8.0 

4.6 

20 

4.9 

1.2 

6.2 

2.9 

5.4 

1.4 

6.9 

3.6 

6.0 

1.5 

7.6 

4.5 

6.5 

1.6 

8.3 

5.2 

22 

4.9 

1.4 

6.4 

3.4 

5.4 

1.5 

7.2 

4.1 

6.0 

1.7 

7.9 

5.1 

6.5 

1.9 

8.  6; 

6.0 

24 

4.9 

1.  6 

6.7 

3.9 

5.4 

1.7 

7.4 

4.7 

6.0 

1.9 

8.2 

5.8 

6.6 

2.1 

8.9 

6.9 

26 

5.0 

1.7 

6.9 

4.4 

5.5 

1.9 

7.6 

5.3 

6.1 

2.1 

8.5 

6.5 

6.6 

2.3 

9.2i 

7.8 

28 

5.0 

1.9 

7.2 

4.9 

5.5 

2.1 

7.9 

5.9 

6.1 

2.4 

8.8 

7.2 

6.7 

2.6 

9. 6! 

8.7 

30 

5.0 

2.1 

7.5 

5.4 

5.5 

2.4 

8.2 

6.5 

6.1 

2.6 

9.1 

7.9 

6.7 

2.9 

10. 0 

9.6 

32 

5.0 

2.4 

7.8i 

6.1 

5.5 

2.6 

8.6 

7.3 

6.1 

2.9 

9.5 

8.7 

6.7 

3.2 

10.4 

10.8 

34 

5.1 

2.6 

8.1 

6.8 

5.6 

2.9 

8.9 

8.2 

6.2 

3.2 

9.9 

9.5 

6.8 

3.5 

10. 8; 

12.0 

36 

5.1 

2.91 

8.5 

7.5 

5.6 

3.  2l 

9.3 

9.1 

6.2 

3.5 

10.3 

10.4 

6.8 

3.8 

11.3 

13.2 

38 

5.2 

3.2; 

8.9 

8.2 

5.7 

3.4 

9.7 

10.0 

6.3 

3.8 

10.8 

11.3 

6.9 

4.2 

11.8 

14.5 

40 

5.2 

3.5! 

9.3 

9.0 

5.7 

3.8 

10.2 

10.9 

6.3 

4.2 

11.3 

13.2 

6.9 

4.6 

12. 4 

15.9 

42 

5.3 

3.8! 

9.8 

10.3 

5.8 

4.2 

10.7 

12.2 

6.4 

4.6 

11.8 

14.7 

7.0 

5.0 

13. 0 

17.5 

44 

5.4 

4.2 

10.4 

11.6 

5.9 

4.6 

11.4 

13.6 

6.5 

5.1 

12.5 

16.6 

7.1 

5.  5 

13. 8 

19.5 

46 

5.5 

4.6 

11.0 

12.9 

6.0 

5. 0 

12.1 

15.0 

6.5 

5.5 

12.2 

17.9 

7.2 

6.1 

14.6, 

22.0 

48 

5.5 

5.1 

11.7 

13.3 

6.0 

5.6 

12.8 

16.8 

6.6 

6.1 

14.0 

20.1 

7.3 

6.7 

15.5 

24.5 

50 

5.6 

5.6 

12.6 

15.7 

6.1 

6.1 

13.6 

18.6 

6.7 

6.7 

15.0 

22.5 

7.4 

7.4 

16.6 

27.4 

52 

5.7 

6.1 

13.3 

17.4 

6.2 

6.8 

14.6 

21.1 

6.8 

7.4 

16.0 

25.1 

! 7.5 

8.2 

17.  7 

30.7 

54 

5.9 

6.8 

14.3 

20.0 

6.4 

7.4 

15.7 

23.7 

7.0 

8.2 

17.2 

28.7 

| 7.7 

9.0 

19.0 

34.7 

56 

6.0 

7.5 

15.4 

22.5 

6.5 

8.3 

16.9 

27.0 

7.2 

9.1 

18.6 

32.7 

7.9 

10.0 

20.4 

39.5 

58 

6.2 

8.4 

16.7 

26.0 

6.7 

9.2 

18.4 

30.8 

7.4 

10.2 

20.2 

37.8 

8.1 

11.1 

22.1 

45.0 

60 

6.3 

9.5 

18.4 

29.8 

6.9 

10.4 

20. 1 

35.7 

7.6 

11.4 

22.2 

43.2 

8.3 

12.5 

1 24.2 

51.8 

62 

6.7 

10.8 

20.4 

36.2 

7.4 

11.9 

22.5 

44.0 

8.1 

13.2 

24.7 

53.5 

• 8.9 

14.3 

1 27.0 

63.8 

64 

7.1 

12.5 

23.1 

44.3 

7.9 

13.8 

25.7 

54.5 

8.7 

15.2 

28.1 

66.0 

' 9.5 

1 16.5 

> 28.6 

78.5 

68 

7.6 

14.8 

26.9 

56.5 

8.5 

16.4 

30.1 

70.0 

9.3 

18.2 

32.9 

1 84.5 

* 10. 1 

. 19.7 

r 35.5 

99.5 

68 

9.0 

19.1 

34.0 

86.0 

10.0 

21.2 

37.7 

106.  0 

1 11.0 

23.4 

41.6 

i 128. 5 

* 12.  C 

► 25.5 

j 45.3 

152.5 

70 



21.0 

36.6 

94.5 

23.3 

40.5 

• 116.5 

25.7 

’ 44.8 

I 141.  C 

1 .. 

. 28.  ( 

* 48.8 

168.0 

72 



23.1 

39.7 

104.0 

1 

25.7 

44.0 

' 128. 5 

28.2 

! 48.2 

! 155.  C 

> 

. 30.  f 

) 52.6 

185.5 

74 



25.6 

43.0 

115.2 

28.5 

- 47.9 

1 142.5 

31.3 

! 52.2 

1 172.  C 

\ 

. 34.  i 

l 56.9 

205.0 

76 



38.5 

46.9 

128.5 

31.7 

' 52.4 

: 158.  5 _ — 

34.8 

; 57.  C 

) 191.  C 

. 38.  ( 

) 62.2 

228.0 

78 



32.0 

52.0 

144.0 

1 

35.4 

: 57.6 

i 177.0! 

39.  C 

) 63.  C 

? 214.  C 

) II” 

. 42.5  68.8 

255.0 

80 



36.0 

57.6 

162.0 

1 

40.  C 

l 64.0 

1 200. 0 

44.  C 

) 70.2 

5 242.  ( 

. 48.0  76.7 

288.0 

82 



41.0 

64.6 

184.5 

. 45.5 

i 71.8 

5 227. 5 

50.2 

l 78.2 

} 275. 1 

. 54.3  86.7 

326.0 

84 



47.3 

73.5 

1 213.  C 

1 1." 

52.5 

i 81.6 

> 262. 1 

57.7 

r 89.7 

r 317.  ( 

) III! 

. 63.0  98.0 

377.5 

86 



55.3 

84.8 

1 249.  C 

> 

. 61.4 

: 94.5 

l 307. 0 

>1111 

67  A 

5 103.  ( 

) 371. 1 

. 73.7113.0 

441.  5 

88 



66.1 

100.5 

1 297. 5 

i 

. 73.  2 

i 111.0 

) 368. 1 

80.  f 

> 121.  < 

) 443.  ( 

)II” 

. 88.0133.4 

528.0 

90 



81.0 

121.0 

l 364.  C 

) 

. 90.  C 

> 134.  c 

> 450. 0 

>1111 

99.  C 

) 148.  ( 

) 545.  ( 

).... 

. 108. 0 162. 1 

648.0 

92 



103.  5 

152.4 

: 466.  C 

> 

. 115.  C 

1 170. 0 

) 575. 0 

)____ 

126. 1 

> 186.  i 

l 695.  ( 

) .... 

. 138. 0 203.  8 

827.5 

94 



141.  0 

205.  8 

! 635.  C 

) .... 

. 156. 5 

) 228. 4 

l 782. 1 

172. 1 

) 251. f 

S 947. 1 

. 188.  0 274. 4 

1, 128.  0 

96 

216.  0 

311.8 

! 972. 5 

. 240.  C 

) 348.  ( 

) 1, 200.  ( 
) 2, 450.  ( 

) IIII 

264.  ( 

) 381.  ] 

L 1, 400.  ( 

)II” 

. 288.  0 416. 0 

1,  725.  0 

98 

100 

... 

. 441.0 

629.  C 

) 1,  982.  f 

. 490.  C 

) 700.0 

539.  ( 

) 770.  ( 

) 2,  965.  ( 

)_... 

. 588. 0 840.  5 
. ...  i 

3,  525. 0 

B=distance,  in  feet,  cut  into  hillside  from  grad 
stake  to  toe  of  cut  slope. 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 

W=width  of  finished  road. 

SHRINKAGE  FACTOR 
Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid,  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 

Note.— To  obtain  cubic  yardage  per  100  feet,  multiply  average  end  areas  by  3.7. 

16 


0 


0 


P 


SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  1 : 1 


© Width  of  finished  road 


13 

14 

15 

16 

m 

B 

C 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

B 

c 

1 S 

A 

10 

6.9 

0.8 

7.7 

2.7 

7.5 

0.8 

8.4 

3.2 

8.0 

0.9 

8.9 

3.6 

8.5 

1.0 

9.5 

4.0 

12 

6.9 

1.0 

7.9 

3.4 

7.5 

1.0 

8.6 

4.0 

8.0 

1.1 

9.2 

4.5 

8.5 

1.2  9.7 

5.0 

14 

6.9 

1.1 

8.1 

4.1 

7.5 

1.2 

8.9 

4.8 

8.0 

1.3 

9.4 

5.4 

8.5 

1.4 

10.0 

6.0 

16 

7.0 

1.3 

8.4 

4.8 

7.6 

1.4 

9.1 

5.6 

8.1 

1.5 

9.7 

6.3 

8.6 

1.6 

10.3 

7.1 

18 

7.0 

1.5 

8.7 

5.5 

7.6 

1.7 

9.4 

6.4 

8.1 

1.8 

10.0 

7.2 

8.6 

1.9 

10.6 

8.2 

20 

7.0 

1.8 

8.9 

6.2 

7.6 

1.9 

9.7 

7.2 

8.1 

2.0 

10.3 

8.2 

8.6 

2.2 

11.0 

9.3 

22 

7.0 

2.0 

9.3 

7.2 

7.6 

2.2 

10.0 

8.3 

8.1 

2.3 

10.7 

9.5 

8.6 

2.5 

11.4 

10.7 

24 

7.1 

2.2 

9.6 

8.2 

7.7 

2.4 

10.4 

9.5 

8.2 

2.6 

11.1 

10.8 

8.7 

2.8 

11.8 

12.2 

26 

7.1 

2.5 

10.0 

9.2 

7.7 

2.7 

10.7 

10.7 

8.2 

2.9 

11.5 

12.1 

8.7 

3.1 

12.2 

13.7 

28 

7.2 

2.8 

10.3 

10.2 

7.8 

3.0 

11.2 

11.9 

8.3 

3.2 

11.9 

13.5 

8.8 

3.4 

12.6 

15.2 

3C 

7.2 

3.1 

10.8 

11.2 

7.8 

3.4 

11.7 

13.1 

8.3 

3.6 

12.4 

14.9 

8.8 

3.8 

13.2 

16.7 

32 

7.3 

3.4 

11.2 

12.4 

7.8 

3.7 

12.1 

14.4 

8.4 

4.0 

12.9 

16.8 

8.9 

4.2 

13.7 

18.7 

34 

7.3 

3.8 

11.7 

13.9 

7.9 

4. 1 

12.6 

16.2 

8.4 

4.3 

13.5 

18.0 

8.9 

4.6 

14.3 

20.5 

36 

7.4 

4.1 

12.2 

15.2 

7.9 

4.4 

13.1 

17.4 

8.5 

4.7 

14.0 

20.0 

9.0 

5.0 

14.9 

22.5 

38 

7.5 

4.6 

12.8 

17.3 

8.0 

4.9 

13.7 

19.6 

8.6 

5.2 

14.7 

22.4 

9.1 

5.5 

15.6 

25.0 

40 

7.5 

5.0 

13.4 

18.7 

8.0 

5.4 

14.4 

21.4 

8.6 

5.8 

15.4 

24.8 

9.1 

6.1 

16.3 

27.7 

42 

7.6 

5.5 

14.1 

20.9 

8.1 

5.8 

15.1 

23.5 

8.7 

6.3 

16.2 

27.4 

9.2 

6.7 

17.2 

30.8 

44 

7.7 

6.0 

14.9 

23.1 

8.2 

6.4 

16.0 

26.3 

8.8 

6.9 

17.2 

30.3 

9.4 

7.3 

18.2 

34.3 

46 

7.8 

6.6 

15.8 

26.4 

8.4 

7.1 

16.9 

29.8 

8.9 

7.6 

18.2 

34.8 

9.5 

8.1 

19.3 

38.5 

48 

7.9 

7.2 

16.8 

28.4 

8.5 

7.9 

18.0 

33.6 

9.0 

8.4 

19.3 

37.8 

9.7 

8.9 

20.  5 

43.2 

50 

8.0 

8.0 

17.9 

32.0 

8.6 

8.6 

19.3 

37.0 

9.2 

9.2 

20.7 

42.3 

9.8 

9.8 

21.91 

48.3 

52 

8.2 

8.8 

19.1 

36.1 

8.8 

9.6 

20.5 

42.3 

9.4 

10.2 

22.1 

48.0 

10.0 

10.8 

23.4! 

54.0 

54 

8.4 

9.7 

20.5 

40.8 

9.1 

10.5 

22.0 

47.5 

9.6 

11.3 

23.8 

54.3 

10.2 

12.0 

25.  2 

61.3 

56 

8.6 

10.8 

22. 1 

46.4 

9.3 

11.6 

23.8 

54.0 

9.8 

12.5 

25.5 

61.3 

10.5 

13.  3 27.  32 

70.0 

58 

8.8 

12.1 

24.0 

53.4 

9.5 

13.0 

25.8 

61.8 

10.1 

14.0 

27.7 

70.5 

10.8 

14.9 

29.  5; 

80.5 

60 

9.0 

13.5 

26.3 

60.7 

9.7 

14.6 

28.3 

70.6 

10.4 

15.6 

30.3 

81.5 

11.1 

16.7 

32.4' 

93.0 

62 

9.6 

15.  5:  29.  3 

74.5 

10.4 

16.5 

31.4 

86.0 

11.1 

17.8 

33.7 

99.  C 

11.9 

19.0 

36. 0 

113.0 

64 

10.3 

18.0; 

33.3 

93.0 

11.1 

19.2 

35.6 

106.5 

11.  S 

20.8 

38.5 

124. 0 12.  7 

22.1 

40.  8 

141.0 

66 

11.0 

21. 4 

38.8 

117.7 

11.8 

23.0 

41.6 

135.0 

12.7 

24.7 

44.8 

756.0 

13.5 

26.2 

47.5 

178.0 

68 

13.0 

27.6  49.0 

179.5 

14.0 

29.8 

52.8 

208.5 

15.0 

31.9 

56.6 

239.0 

16.0 

34.0 

60.3 

272.0 

70 



30.3 

52.7 

192.0 

32.7 

56.8 

228.5 



35.0 

60.8 

263.0 



37.3 

64.8 

298.0 

72 



33.4 

57.0 

217.0 

36.0 

61.5 

252.0 



38.6 

65.9 

289.0 



41.2 

70.2 

333.0 

74 

37.0 

61.7 

240.5 

39.8 

66.6 

278.5 

42.7 

71.3 

320.0 



45.6 

76.6 

364.0 

76 



41.  2: 

67.4 

267.  5 

44.3 

72.7 

310.0 



47.5 

77.8 

356.0 



50.7 

83.9, 

405.0 

78 

46.1 

74.5 

299.0 

49.7 

80.4 

347.5 



53.2 

86.0 

399.0 



56.8 

92.3 

454.0 

80 



52.0  84.0 

337.5 

56.0 

89.6 

391.5 



60.0 

97.0 

450.0 



64.0 

102.5 

512.0 

82 



59.3 

93.0 

387.5 



63.8 

100.0 

446.0 



67.4 

107.0 

505.0 



72.8 

114.  8 

584.0 

84 



68.3  106.0 

444.0 

73.5 

114.2 

514.0 



78.8 

122.0 

591.0 



84.0 

130.  0, 

672.5 

86 



79.  8 123.  0 

519.0 

86.0 

132.0 

602.0 



92.2 

142.0 

691. 0 



98.3 

150.9 

788.0 

88 



95.  2 144. 0 

619.0 



102.8 

155.6 

720.0 



110.  0 166.  0 

825.0 



117.2 

177.6 

938.0 

90 



117.  0 175. 0 

760.0 

126.  0 

161.  0 

188.1 

881.0 



135.01202.0 

1, 011.0 

144. 01215.  21, 150.0 

92 



149.  5 221.  2 

971.0 

237.7 

1, 130.  0 

172.  5:256.  0 

1, 295. 0 

184.  0 274.  0 1,  475.  0 

94 

203.  3 297.  0 

1,  320.  0 

219.  0 

320.0 

1,  531.  0 

235.0  343.01,760.0 

250.  5;366. 0 2, 000.  0 

96 

312. 0 451.  0 

2, 025.  0 

336. 0 

485.3 

2,  350. 0 

— . 360. 0i520. 0 2,  700.  0 

;;;; 

384.0:554.5  3, 070.0 
785.  Oil,  121  6, 290.0 

98 

100 

637. 0 910. 0 

4, 135.  0 

1 

685. 0 

978.6 

4,  790. 0 

j735.  Ojl,  050 1 5,  510.0 

I 

B=distance,  in  feet,  cut  into  hillside  from  grade 
stake  to  toe  of  cut  slope. 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 

W=width  of  finished  road. 

SHRINKAGE  FACTOR 

Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 

Note. — To  obtain  cubic  yardage  per  100  multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  % : 1 


Width  of  finished  road 


9 

10 

11 

12 

V2 

B 

C 

S 

A 

B 

c 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

10 

4.9 

0.5 

5.3 

1.3 

5.4 

0.6 

5.9 

1.6 

6.0 

0.7 

6.5 

2.0 

6.5 

0.7 

7.1 

2.3 

12 

4.9 

0.7 

5.4 

1.6 

5.4 

0.7 

6.0 

2.0 

6.0 

0.8 

6.7 

2.4 

6.5 

0.9 

7.2 

2.8 

14 

4.9 

0.8 

5.6 

1.9 

5.4 

0.9 

6.1 

2.4 

6.0 

1.0 

6.8 

2.9 

6.5 

1.0 

7.4 

3.4 

16 

5.0 

0.9 

5.7 

2.2 

5.5 

1.0 

6.3 

2.8 

6.1 

1.1 

7.0 

3.3 

6.6 

1.2 

7.6 

3.9 

18 

5.0 

1.0 

5.8 

2.6 

5.5 

1.2 

6.4 

3.2 

6.1 

1.3 

7.1 

3.8 

6.6 

1.4 

7.7 

4.5 

20 

5.0 

1.2 

6.0 

2.9 

5.5 

1.3 

6.6 

3.6 

6.1 

1.4 

7.3 

4.3 

6.6 

1.6 

7.9 

5.1 

22 

5.0 

1.3 

6.1 

3.3 

5.5 

1.5 

6.8 

4.1 

6.1 

1.6 

7.5 

4.9 

6.6 

1.8 

8.1 

5.7 

24 

5.0 

1.5 

6.3 

3.7 

5.6 

1.6 

7.0 

4.6 

6.1 

1.8 

7.7 

5.6 

6.7 

2.0 

8.4 

6.5 

26 

5. 1 

1.6 

6.5 

4.1 

5.6 

1.8 

7.2 

5.1 

6.2 

2.0 

7.9 

6.3 

6.7 

2.2 

8.6 

7.2 

28 

5.1 

1.8 

6.7 

4.  6 

5.7 

2.0 

7.4 

5.7 

6.2 

2.2 

8.2 

6.9 

6.8 

2.4 

8.9 

8.0 

30 

5.1 

2.0 

6.9 

5.0 

5.7 

2.2 

7.7 

6.2 

6.2 

2.5 

8.4 

7.6 

6.8 

2.6 

9.2 

8.8 

32 

5.1 

2.2 

7.1 

5.6 

5.7 

2.4 

7.9 

6.9 

6.2 

2.7 

8.7 

8.5 

6.8 

2.9 

9.5 

9.9 

34 

5.2 

2.4 

7.3 

6.2 

5.8 

2.6 

8.2 

7.7 

6.3 

2.9 

9.0 

9.4 

6.9 

3.2 

9.8 

11.0 

36 

5.2 

2.6 

7.6 

6.8 

5.8 

2.9 

8.4 

8.4 

6.3 

3.2 

9.3 

10.3 

7.0 

3.4 

10.1 

12.1 

38 

5.3 

2.8 

7.9 

7.4 

5.9 

3.1 

8.7 

9.2 

6.4 

3.4 

9.7 

11. 1 

7.0 

3.7 

10.5 

13.2 

40 

5.3 

3.0 

8.2 

8.0 

5.9 

3.4 

9.1 

9.9 

6.5 

3.7 

10.0 

12.0 

7.1 

4.1 

10.9 

14.4 

42 

5.4 

3.3 

8.5 

9.0 

6.0 

3.7 

9.  5 

11.1 

6.6 

4.0 

10.4 

13.4 

7.2 

4.4 

11.3 

15.8 

44 

5.5 

3.6 

8.9 

10.0 

6.1 

4.0 

9.9 

13.2 

6.7 

4.4 

10.9 

14.8 

7.4 

4.8 

11.9 

17.8 

46 

5.6 

3.9 

9.3 

| 11.1 

6.3 

4.4 

10.4 

13.9 

6.9 

4.8 

11.5 

16.6 

7.5 

5.2 

12.5 

19.5 

48 

5.7; 

4.3 

9.8 

' 12.2 

6.4 

4.8 

10.9 

1 15.4 

7.0 

5.2 

12.0 

18.2 

7.  6 

5.7 

13.1 

21.7 

50 

5.  8! 

4.6 

10. 4! 

! 13.3 

6.5 

5.2 

11.6 

j 16.9 

7.1 

5. 7 

12.7 

20.2 

7.7 

6.2 

13.8 

23.8 

52 

5.9 

5.0 

10.9 

14.7 

6.6 

5.6 

12.2 

18.5 

7.3 

6.2 

13.3 

22.6 

7.9 

6.8 

14.6 

26.8 

54 

6.1 

5.5 

11.5 

16.8 

6.8 

6.1 

12.8 

20.8 

7.5 

6.7 

14.1 

25.1 

8.1 

! 7.3 

15.4 

29.5 

56 

6.3 

5.9 

12.  2 

18.6 

7.0 

6.7 

13.6 

23.5 

7.6 

7.3 

14.9 

27.8 

8.3 

; 7.9 

16.3 

32.8 

58 

6.4l 

6.5 

13.0 

20.8 

7.1 

7.2 

14.4 

25.5 

7.8 

8.0 

15.9 

31.2 

8.5 

i 8.6 

17.3 

36.5 

60 

6.5j 

7.1 

13.  8! 

23.0 

7.3 

7.9 

15.5 

28.8 

8.0 

8.7 

17.0 

34.8 

8.7 

; 9.5 

18.4 

41.3 

62 

7.0; 

7.9 

15.0 

27.  7 

7.7 

8.8 

16.7 

33.4 

8.5 

9.7 

18.3 

41.2 

9.2 

10.5 

19.9 

48.2 

64 

7.4! 

8.9 

16.4 

32.9 

8.2 

9.9 

18.3 

40.6 

9.0 

10.9 

20.1 

49.0 

9.8 

; 11.8 

21.8 

58.0 

66 

7.8 

10.2 

18.5 

39.8 

8.7 

11.4 

20.6 

49.4 

9.6 

12.5 

22.8 

60.0 

10.4 

i 13.6 

24.7 

71.5 

68 

9.0 

12.5 

22.2 

56.3 

10.0 

13.9 

24.7 

69.5 

11.0 

15.3 

27.2 

84.0 

12.0 

1 16.7 

29.6 

101.0 

70 



13.3 

23. 1 

60.0 

14.8 

25.7 

74.0 



16.3 

28.3 

89.5 

! 17.7 

30.9 

106.0 

72 



14. 1 

24.1 

63.5 



15.6 

28.9 

78.0 



17.3 

29.4 

94.5 

i 

18.8 

32. 1 

113.0 

74 



14.9 

25.1 

67.0 



16.6 

29.6 

83.0 



18.4 

30.8 

101.0 

j 20.0 

33.5 

120.0 

76 



15.9 

26.0 

71.6 



17*7 

30.4 

88.5 



19.5 

32.1 

107.0 

! 21.3 

35.0 

127.5 

78 



16.9 

27.4 

76.0 



18.8 

31.2 

94.0 



20.7 

33.3 

114.0 

Hill 

22.6 

36.6 

135.5 

80 

18.0 

28.9 

81.0 

20.0 

32.0 

100.0 



22.1 

35.2 

121.5 



24.1 

38.6 

144.5 

82 



19.1 

30.2 

86.0 



21.4 

33.6 

107.0 



23.5 

37.0 

129.0 



25.  V 

40.3 

154.0 

84 



20.3 

31.6 

91.5 

22.9 

35.2 

114.5 

25.1 

39.0 

138.0 

27.3 

42.3 

164.0 

86 



21.9 

33.6 

98.5 

24.3 

37.0 

121.5 



26.8 

41.0 

147.  5 

29.1 

44.6 

174.5 

88 



23.1 

35.2 

104.0 

26.0 

39.1 

130.0 



28.6 

43.4 

157.0 



31.1 

47.2 

186.5 

90 

25.0 

37.4 

112.  5 

27.  8 

41.4 

139.0 

30.7 

46.0 

169.0 

33.  3 

49.  8 

200.0 

92 



26.9 

39.7 

121.0 

29.8 

44.0 

149.0 

32.9 

48.7 

181.0 

35.8 

52.8 

215.0 

94 



28.8 

42. 1 

129.5 



32.1 

46.5 

160.5 



35.4 

51.6 

194.5 

38.6 

56.2 

231.0 

96 



31.0 

44.8 

139.5 



34.6 

49.8 

173.0 



38.1 

54.7 

209.0 

41.4 

60.5 

248.5 

98 



33.5 

48.0 

150.5 



37.2 

53.2 

186.0 



41.0 

58.6 

225.0 

44.6 

64. 4 

267.5 

100 

— 

36.3 

51.4 

163.5 

40.3 

57.0 

201.5 

— 

44.4 

62.8 

244.0! 

— 

48.4 

68.4 

290.0 

_ o • ''Cut  Slope 
° \ 3/d 


B=distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope. 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 

W=width  of  finished  road. 

SHRINKAGE  FACTOR 
Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 

Note. — To  obtain  cubic  yardage  per  100  feet,  multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  % :1 


Width  of  finished  road 


,§*i 

13 

14 

15 

16 

GQ  B 

C 

S 

A 

B 

0 

S 

A 

B 

C 

S 

A 

B 

c 

S 1 

A 

lo;  7.0 

0.7 

7.6 

2.6 

7.6 

0.8 

8.2 

3.1 

8.0 

0.9 

8.7 

3.6 

8.5 

0.9 

9.2 

3.9 

12!  7.0 

0.9 

7.8 

3.3 

7.5 

1.0 

8.3 

3.8 

8.0 

1.1 

8.9 

4.4 

8.5 

1. 1 

9.4 

4.9 

14!  7.0 

1.1 

7.9 

4.0 

7.6 

1.2 

8.5 

4.6 

8.1 

1.3 

9.1 

5.2 

8.6 

1.3 

9.7 

5.9 

16  7. 1 

1.3 

8.1 

4.6 

7.6 

1.4 

8.7 

5.3 

8.1 

1.5 

9.3 

6.1 

8.6 

1.6 

9.9 

6.8 

18  7.1 

1.5 

8.3 

5.3 

7.7 

1.6 

9.0 

6.1 

8.2 

1.7 

9.6 

7.0 

8.7 

1.8 

10.2 

7.8 

20  7.1 

1.7 

8.5 

6.0 

7.7 

1.8 

9.2 

6.9 

8.2 

1.9 

9.8 

7.9 

8.7 

2.0 

10.4 

8.8 

22;  7.1 

1.9 

8.8 

6.9 

7.7 

2.0 

9.4 

7.9 

8.2 

2.2 

10.1 

9.1 

8.7 

2.3 

10.7 

10.2 

24  7.2 

2.1 

9.0 

7.7 

7.8 

2.3 

9.7 

8.9 

8.3 

2.4 

10.4 

10.3 

8.8 

2.6 

11.0 

11.6 

26|  7.2 

2.4 

9.3 

8.5 

7.8 

2.5 

10.0 

10.0 

8.4 

2.7 

10.7 

11.5 

8.9 

2.9 

11.4 

13.0 

28;  7.3 

2.6 

9.6 

9.4 

7.9 

2.8 

10.3 

11.0 

8.5 

3.0 

11.0 

12.7 

8.9 

3.2 

11.7 

14.4 

30,  7.3 

2.8 

9.9 

10.3 

7.9 

3.1 

10.6 

12.1 

8.5 

3.3 

11.4 

14.0 

9.0 

3.5 

12.2 

15.8 

32!  7.4 

3.1 

10.2 

11.5 

8.0 

3.4 

11.0 

13.4 

8.6 

3.6 

11.8 

15.5 

9.1 

3.8 

12.6 

17.3 

34!  7.4 

3.4 

10.6 

12.7 

8.1 

3.7 

11.4 

14.9 

8.7 

3.9 

12.2 

17.0 

9.2 

4.2 

13.0 

19.3 

36  7.5 

3.7 

10.9 

14.0 

8.1 

4.0 

11.8 

16.3 

8.7 

4.3 

12.7 

18.7 

9.3 

4.6 

13.5 

21.4 

38;  7.6 

4.1 

11.3 

15.6 

8.2 

4.4 

12.3 

17.8 

8.8 

4.7 

13.2 

20.7 

9.4 

5.0 

14.0 

23.5 

40  7.7 

4.4 

11.8 

17.0 

8.3 

4.7 

12.8 

19.4 

8.9 

5.1 

13.7 

23.0 

9.5 

5.4 

14.6 

25.7 

42j  7.8 

4.8 

12.3 

18.7 

8.4 

5.3 

13.3 

22.2 

9.0 

5.5 

14.3 

24.8 

9.6 

5.9 

15.2 

28.8 

44  8.0 

5.2 

12.9 

20.8 

8.6 

5.6 

13.9 

24.0 

9.3 

6.0 

15.0 

27.9 

9.8 

6.4 

15.9 

31.4 

46  8. 1 

5.7 

13.5 

23.3 

8.7 

6.1 

14.6 

26.5 

9.4 

6.5 

15.7 

30.6 

10.0 

! 7.0 

16.6 

35.0 

48!  8.3 

6.2 

14.2 

25.8 

8.9 

6.6 

15.3 

29.4 

9.6 

7.1 

16.5 

34.1 

10.1 

| 7.6 

17.5 

38.4 

60;  8.4 

6.7 

15.0 

28.1 

9.0 

7.2 

16.1 

32.4 

9.7 

7.8 

17.3 

37.6 

10.3 

! 8.3 

18.5 

42.8 

62;  8.6 

7.3 

15.8 

31.4 

9.2 

7.8 

17.0 

35.9 

9.9 

8.4 

18.3 

41.5 

10.5 

9.0 

19.4 

47.3 

64'  8.8 

7.9 

16.6 

34.8 

9.5 

8.6 

18.0 

40.8 

10.2 

9.2 

19.3 

47.  010.8 

! 9.8 

20.5 

53.0 

56!  9.0 

8.6 

17.6 

38.3 

9.7 

9.3 

19.0 

45.1 

10.4 

10.0 

20.4 

52. 0 11. 1 

1 10.6 

21.7 

59.0 

58  9.2 

9.4 

18.7 

43.3 

10.0 

10.2 

20.1 

51.0 

10.7 

10.9 

21.7 

58.  5 11. 4 

! 11.6 

23.0 

66.0 

60  9.4 

10.2 

19.9 

48.0 

10.2 

11.1 

21.5 

56.5 

10.9 

11.9 

23.1 

65.011.6 

! 12.7 

24.6 

73.5 

62  10.  0 

11.4 

21.5 

57.0 

10.8 

12.2 

23.2 

66.0 

11.6 

13.2 

24.9 

76.  5 12.  3 

14.0 

26.5 

86.0 

64  10. 6 

12.8 

22.7 

68.0 

11.5 

13.7 

25.4 

78.8 

12.3 

14.7 

27.3 

90.5  13. 1 

i 15.6 

29.0 

102.0 

6611.3 

14.8 

26.8 

83.5 

12. 1 

15.8 

28.8 

95.5 

13.0 

17.0 

30.9 

111.  0 13.  9 

18.2 

33.0 

126.5 

68  13. 0 

18.1 

32. 1 

117.5 

14.0 

19.5 

34.6 

136.5 

15.0 

20.8 

37.0 

156.  0 16.  0 

22.3 

39.6 

178.5 

70 

19.2 

33.4 

125.0 



20.6 

35.0 

144.0 



22. 1 

38.5 

165.0 

23.7 

41.3 

189.5 

72 

20.5 

34.8 

133.5 

21.9 

37.4 

1 153.0 



23.5 

40. 1 

176.0 

25.1 

43.0 

201.0 

74 

21.7 

36.3 

141.0 



23.3 

39.0 

; 163.0 



24.9 

41.8 

187.0 

26.7 

44.6 

213.5 

76 

23.1 

37.9 

150.0 



24.8 

40.8 

173.5 



26.6 

43.8 

199.5 

! 

28.4 

46.6 

227.0 

78! 

24.4 

39.7 

158.5 



26.4 

42.7 

184.5 



28.2 

45.9 

211.  5 

30.2 

48.8 

241.5 

80; — 

26. 1 

41.7 

169.5 



28.  1 

45.0 

197.0 



30.0 

48.0 

225.0 

32.1 

51.4 

257.0 

82 

27.8 

43.8 

180.5 



29.9 

47.1 

209.0 



32.1 

50.5 

241.0 



34.2 

54.0 

273.5 

84 

29.9 

46.2 

194.0 



31.9 

49.3 

223.5 



34.2 

53.1 

256.0 



36.5 

56.7 

292.0 

86 

31.7 

48.6 

206.0 



34.1 

52.0 

238.5 



36.6 

56.  C 

274.0 



39.0 

59.7 

312.0 

88 

33.8 

51.2 

219.5 



35.4 

54.9 

254.5 



39.0 

59.0 

292.5 



41.7 

63.  2 

333.0 

90! 

36.3 

54.1 

236.  0 



39.0 

58.2 

273.0 



41.7 

62.0 

312.5 

44.5 

! 66.6 

358.0 

92 

38.8 

57.3 

252.0 



41.7 

61.4!  291.0 



44.7 

66.0 

335.0 

47.8 

70.0 

382.5 

94 1 

41.7 

60.7 

271.0 



44.8 

65.4!  313.5 



48.0 

70.0 

360.0 

51.3 

1 74.8 

410.0 

96 

44.8 

64.7 

291.0 



48.3 

69.6 

338.0 



51.8 

74.  8 

388.0 

55.2 

79.9 

440.0 

98 

48.4 

69.0 

314.0 



52.0 

74.3 

363.5 



55.9 

79.9 

419.0 



59.6 

i 85.3 

477.0 

lOoL... 

52.4 

74.2 

340.0 

— 

56.4 

79.8 

394.0 

— 

60.5 

85.  5!  453.  0 

---- 

64.5 

i 91.2 

516.0 

B=distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope. 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 
W=width  of  finished  road. 

SHRINKAGE  FACTOR 
Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 

Note— To  obtain  cubic  yardage  per  100  feet,  multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 


[For  use  on  Forest  Service  minor  roads]  CUT  SLOPS  y2:l 


Width  of  finished  road 


9 

10 

11 

12 

m 

B 

C 

s 

A 

B 

C 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

10 

4.9 

0.5 

5.2 

1.3 

5.5 

0.6 

5.8 

1.6 

6.0 

0.6 

6.3 

1.9 

6.5 

0.7 

6.9 

2.2 

12 

4.9 

0.6 

5.3 

1.6 

5.5 

0.7 

5.9 

1.9 

6.0 

0.8 

6.5 

2.3 

6.5 

0.8 

7.0 

2.7 

14 

4.9 

0.7 

5.3 

1.9 

5.5 

0.8 

6.0 

2.3 

6.0 

0.9 

6.6 

2.7 

6.6 

1.0 

7.1 

3.2 

16 

5.0 

0.9 

5.4 

2.2 

5.6 

1.0 

6.1 

2.7 

6.1 

1.1 

6.7 

3.1 

6.6 

1.2 

7.3 

3.8 

18 

5.0 

1.0 

5.5 

2.5 

5.6 

1.1 

6.3 

3.1 

6.1 

1.2 

6.8 

3.6 

6.7 

1.3 

7.4 

4.4 

20 

5.0 

1.1 

5.7 

2.8 

5.6 

1.3 

6.4 

3.5 

6.1 

1.4 

7.0 

4.1 

6.7 

1.5 

7.6 

5.0 

22 

5.0 

1.2 

5.8 

3.2 

5.6 

1.4 

6.5 

4.0 

6.1 

1.5 

7.1 

4.6 

6.7 

1.7 

7.7 

5.6 

24 

5.1 

1.4 

5.9 

3.6 

5.7 

1.6 

6.7 

4.5 

6.2 

1.7 

7.3 

5.2 

6.8 

1.8 

7.9 

6.3 

26 

5.1 

1.5 

6.1 

4.0 

5.7 

1.7 

6.8 

5.0 

6.2 

1.9 

7.5 

5.8 

6.8 

2.0 

8.1 

7.0 

28 

5.2 

1.7 

6.2 

4.4 

5.8 

1.9 

7.0 

5.5 

6.3 

2.1 

7.6 

6.4 

6.9 

2.2 

8.3 

7.7 

30 

5.2 

1.8 

6.4 

4.8 

5.8 

2.0 

7.2 

6.0 

6.3 

2.2 

7.8 

7.0 

6.9 

2.4 

8.5 

8.4 

32 

5.2 

2.0 

6.5 

5.3 

5.8 

2.2 

7.3 

6.6 

6.4 

2.4 

8.0 

7.9 

7.0 

2.7 

8.7 

9.4 

34 

5.3 

2.2 

6.7 

5.8 

5.9 

2.4 

7.5 

7.2 

6.5 

2.7 

8.3 

8.8 

7.1 

2.9 

9.0 

10.4 

36 

5.4 

2.4 

6.9 

6.4 

6.0 

2.6 

7.7 

7.9 

6.5 

2.9 

8.5 

9.7 

7.1 

3.1 

9.2 

11.4 

38 

5.4 

2.5 

7.1 

7.0 

6.0 

2.8 

8.0 

8.6 

6.6 

3.1 

8.0 

10.6 

7.2 

3.4 

9.5 

12.4 

40 

5.5 

2.8 

7.4 

7.6 

6.1 

3.0 

8.2 

9.3 

6.7 

3.4 

9.0 

11.5 

7.3 

3.7 

9.8 

13.4 

42 

5.6 

3.0 

7.6 

8.4 

6.2 

3.3 

8.5 

10.3 

6.8 

3.6 

9.3 

12.8 

7.4 

3.9 

10.2 

14.4 

44 

5.7 

3.2 

7.8 

9.2 

6.3 

3.5 

8.8 

11.3 

6.9 

3.9 

9.6 

14.1 

7.6 

4.2 

10.5 

16.0 

46 

5.7 

3.4 

8.1 

10.0 

6.4 

3.8 

9.1 

12.4 

7.0 

4.2 

10.0 

15.4 

7.6 

4.6 

10.9 

17.5 

48 

5.8 

3.7 

8.4 

10.9 

6.5 

4.1 

9.4 

13.4 

7.1 

4.5 

10.4 

16.7 

7.8 

4.9 

11.4 

19.1 

50 

5.9 

4.0 

8.8 

11.7 

6.6 

4.4 

9.8 

14.5 

7.3 

4.9 

10.9 

17.9 

8.0 

5.4 

11.9 

21.4 

52 

6.1 

4.2 

9.2 

12.8 

6.7 

4.7 

10.2 

15.8 

7.5 

5.2 

11.3 

19.5 

8.2 

5.7 

12.4 

23.3 

54 

6.2 

4.6 

9.6 

14.3 

6.9 

5.1 

10.7 

17.6 

7.7 

5.6 

11.8 

21.6 

8.4 

6.2 

12.9 

26.0 

56 

6.4 

4.9 

10.0 

15.7 

7.1 

5.5 

11.2 

19.5 

7.9 

6.0 

12.4 

23.8 

8.6 

6.7 

13.5 

28.7 

58 

6.6 

5.3 

10.6 

17.5 

7.3 

5.9 

11.8 

21.5 

8.1 

6.5 

13.0 

26.3 

8.8 

7.1 

14.2 

31.3 

60 

6.8 

5.9 

11.3 

19.9 

7.5 

6.4 

12.5 

24.0 

8.3 

7.1 

13.8 

29.5 

9.0 

7.7 

15.0 

34.7 

62 

7.2 

6.4 

12.1 

23.0 

7.9 

7.1 

13.4 

28.0 

8.8 

7.7 

14.7 

33.8 

9.5 

8.4 

16.0 

40.0 

64 

7.6 

7.0 

13.0 

26.6 

8.4 

7.7 

14.4 

32.4 

9.3 

8.5 

15.9 

39.5 

10.0 

9.3 

17.2 

46.5 

66 

8.0 

7.9 

14.3 

31.4 

8.9 

8.8 

16.0 

39.0 

9.8 

9.7 

17.6 

47.  2 10. 6 

10.5 

19.0 

55.5 

68 

9.0 

9.3 

16.5 

41.9 

10.0 

10.3 

18.3 

51.5 

11.0 

10.4 

20.2 

52. 0 12. 0 

12.4 

22.0 

74.5 

70 



9.7 

16.9 

43.6 

10.8 

18.8 

54.0 



11.9 

20.7 

65.5 



12.9 

22.5 

77.5 

72 



10.1 

17.3 

45.4 



11.3 

19.2 

56.5 



12.4 

21.2 

68.2 

13.5 

23.1 

81.0 

74 



10.5 

17.7 

47.3 



11.7 

19.7 

58.5 



12.9 

21.7 

71.0 

14.1 

23.6 

84.5 

76 



11.0 

18.2 

49.5 



12.3 

20.2 

61.5 



13.5 

22.3 

74.3 



14.8 

24.3 

89.0 

78 



11.5 

18.7 

51.8 



12.8 

20.8 

64.0 



14.1 

22.9 

77.5 



15.3 

24.9 

92.0 

80 



12.0 

19.2 

54.0 



13.4 

21.4 

67.0 



14.7 

23.5 

81.0 



16.0 

25.6 

96.0 

82 

i 

12.5 

19.7 

56.3 

13.9 

21.9 

69.5 



15.3 

24.1 

84.0 

16.7 

26.3 

100.0 

84 



13.0 

20.2 

58.5 



14.5 

22.5 

72.5 



15.9 

24.7 

87.5 



17.4 

27.0 

104.5 

86 

13.6 

20.8 

61.1 

15.1 

23.1 

75.5 



16.6 

25.5 

91.0 



18.1 

27.3 

108.5 

88 



14.1 

21.4 

63.5 



15.7 

23.8 

78.5 

17.3 

26.2 

95.0 



18.9 

28.5 

113.5 

90 



14.7 

22.0 

66.1 



16.4 

24.5 

82.0 



18.0 

26.9 

99.0 



19.7 

29.3 

119.0 

92 

! 15.3 

22.8 

69.0 

17.0 

25.1 

85.0 



18.7 

27.7 

103.0 



20.4 

30.2 

122.5 

94 



16.0 

23.3 

72.0 



17.7 

25.8 

88.5 



19.5 

28.5 

107.0 



21.2 

31.0 

127.0 

96 

I 16.6 

23.9 

75.0 

18.4 

26.6 

92.0 



20.3 

29.3 

111.5 



22.1 

31.9 

132.5 

98 



17.3 

24.7 

78.0 



19.2 

27.4 

96.0 

21.1 

30.2 

116.0 



23.1 

32.9 

138.5 

100 

— 

! 18.0 

25.4 

81.0 

— 

20.0 

28.3 

100.0 

— 

22.0 

31.1 

121.0 

— 

24.0 

33.9 

144.0 

B=distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope.  4 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 

W=width  of  finished  road. 

SHRINKAGE  FACTOR 

Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 
Note.— To  obtain  cubic  yardage  per  100  feet, 
multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  H:1 


Width  of  finished  road 


P*vC> 

13 

14 

l 

15 

16 

GO 

B 

C 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

10 

7.0 

0.7 

7.4 

2.6 

7.5 

0.8 

8.0 

3.0 

8.0 

0.9 

8.6 

3.4 

8.6 

0.9 

9. 1 

3.9 

12 

7.0 

0.9 

7.6 

3.2 

7.5 

1.0 

8.1 

3.7 

8.1 

1.0 

8.7 

4.3 

8.6 

1.1 

9.3 

4.8 

14 

7.1 

1.1 

7.7 

3.8 

7.6 

1.1 

8.3 

4.4 

8.2 

1.2 

8.9 

5.2 

8.7 

1.3 

9.4 

5.7 

16 

7.1 

1.2 

7.8 

4.4 

7.6 

1.3 

8.4 

5.1 

8.2 

1.4 

9.0 

6.1 

8.7 

1.5 

9.6 

6.7 

18 

7.2 

1.4 

8.0 

5.1 

7.7 

1.5 

8.6 

5.8 

8.3 

1.6 

9.2 

7.0 

8.8 

1.7 

9.8 

7.7 

20 

7.2 

1.6 

8.2 

5.8 

7.7 

1.7 

8.7 

6.6 

8.3 

1.9 

9.4 

7.9 

8.8 

2.0 

10.0 

8.7 

22 

7.3 

1.8 

8.3 

6.6 

7.7 

1.9 

8.9 

7.5 

8.4 

2.1 

9.6 

8.9 

8.9 

2.2 

10.2 

9.8 

24 

7.3 

2.0 

8.5 

7.4 

7.8 

2.1 

9.1 

8.4 

8.5 

2.3 

9.8 

9.9 

8.9 

2.4 

10.4 

11.0 

26 

7.4 

2.2 

8.7 

8.2 

7.8 

2.5 

9.3 

9.3 

8.5 

2.5 

10.0 

11.0 

9.0 

2.7 

10.6 

12.2 

28 

7.4 

2.4 

8.9 

9.0 

7.9 

2.6 

9.6 

10.3 

8.6 

2.8 

10.3 

12.2 

9.0 

2.9 

10.9 

13.4 

30 

7.5 

2.7 

9.2 

9.9 

8.0 

2.8 

9.8 

11.3 

8.6 

3.1 

10.6 

13.2 

9.1 

3.2 

11.2 

14.6 

32 

7.6 

2.9 

9.4 

11.0 

8.1 

3.1 

10.1 

12.6 

8.7 

3.3 

10.8 

14.7 

9.2 

3.5 

11.5 

16.2 

34 

7.7 

3.1 

9.7 

12.1 

8.2 

3.3 

10.4 

13.9 

8.8 

3.6 

11.1 

16.2 

9.3 

3.8 

11.8 

17.9 

36 

7.7 

3.4 

9.9 

13.2 

8.3 

3.6 

10.7 

15.3 

8.9 

3.9 

11.5 

17.7 

9.4 

4.1 

12.1 

19.6 

38 

7.8 

3.7 

10.2 

14.4 

8.4 

3.9 

11.0 

16.7 

9.0 

4.2 

11.8 

19.2 

9.5 

4.5 

12.5 

21.3 

40 

7.9 

4.0 

10.6 

15.6 

8.5 

4.3 

11.4 

18.1 

9.1 

4.6 

12.2 

20.7 

9.6 

4.8 

12.9 

23.0 

42 

8.0 

4.2 

10.9 

16.8 

8.6 

4.5 

11.7 

19.3 

9.2 

4.9 

12.6 

22.5 

9.8 

5.2 

13.4 

25.5 

44 

8.2 

4.6 

11.3 

18.9 

8.8 

4.9 

12.2 

21.5 

9.4 

5.3 

13.1 

25.0 

10.0 

5.6 

13.9 

28.0 

46 

8.3 

4.9 

11.8 

20.3 

8.9 

5.3 

12.7 

23.6 

9.6 

5.7 

13.6 

27.3 

10.2 

6.0 

14.0 

31.0 

48 

8.5 

5.3 

12.2 

22.5 

9.1 

5.7 

13.2 

26.0 

9.8 

6.2 

14.2 

30.4 

10.4 

6.5 

15.0 

33.8 

50 

8.6 

5.8 

12.8 

24.8 

9.3 

6.2 

13.9 

28.8 

10.0 

6.7 

14.9 

33.4 

10.6 

7.1 

15.8 

37.5 

52 

8.8 

6.2 

13.3 

27.3 

•9.5 

6.6 

14.4 

31.3 

10.2 

7.2 

15.5 

36.2 

10.8 

7.6 

16.4 

41.0 

54 

9.0 

6.6 

13.9 

29.6 

9.7 

7.1 

15.0 

34.5 

10.4 

7.7 

16.1 

40.0 

11.0 

8.1 

17.1 

44.5 

56 

9.2 

7.1 

14.5 

32.7 

9.9 

7.7 

15.7 

38.1 

10.6 

8.2 

16.8 

43.4 

11.3 

8.7 

17.8 

49.1 

58 

9.4 

7.7 

15.3 

36.3 

10.2 

8.3 

16.5 

42.3 

10.9 

8.9 

17.7 

48.5 

11.6 

9.3 

18.7 

54.0 

60 

9.7 

8.3 

16.2 

40.3 

10.5 

9.0 

17.5 

47.  2 11. 2 

9.6 

18.7 

53.8 

11.9 

10.2 

19.8 

60.7 

62 

10.3 

9.1 

17.2 

47.0 

11.1 

9.8 

18.6 

54.  5 11. 9 

10.5 

19.9 

62.  5 12. 6 

11.2 

21.0 

70.5 

64 

10.9 

10.0 

18.5 

54. 5 

11.7 

10.8 

20.0 

63.3  12.6 

11.5 

21.4 

72.513.3 

12.3 

22.7 

81.8 

66 

11.4 

11.2 

20.4 

64.0 

12.4 

12.2 

22.2 

76.0 

13.3 

13.1 

23.8 

87.014.1 

13.9 

25.2 

98.0 

68 

13.0 

13.4 

23.8 

87.0 

14.0 

14.5 

25.7 

101.5 

15.0 

15.3 

27.5 

115.016.0 

16.5 

29.4 

132.0 

70 



14.0 

24.4 

91.0 



15.1 

26.3 

105.5 



16.2 

28.2 

121.5 

17.3 

30.1 

138.0 

72 



14.6 

25.0 

96.0 

15.7 

26.9 

110.0 



16.9 

28.9 

127.  Oi 

18.0 

30.8 

144.0 

74 



15.2 

25.6 

99.0 

16.4 

27.6 

115.0 



17.6 

29.6 

132.0 



18.8 

31.6 

150.0 

76 



15.9 

26.3 

103.5 

17.1 

28.3 

119.5 

18.4 

30.3 

138.0 

19.6 

32.4 

156.5 

78 



16.6 

27.0 

108.0 

17.9 

29.1 

125.0 



19.2 

31.2 

144.0 



20.5 

33.3 

162.4 

80 



17.3 

27.7 

112.5 



18.7 

29.9 

131.0 



20.0 

32.0 

150.0 

21.4 

34.2 

171.0 

82 



18.1 

28.5 

117.5 



19.5 

30.7 

136.5 



20.9 

32.9 

157. 0 

22.3 

35.1 

178.0 

84 



18.8 

29.2 

122.0 



20.2 

31.5 

141.5 



21.7 

33.7 

163.0 

i 

23.2 

36.0 

185.5 

86 



19.6 

30.0 

127.5 



21.1 

32.3 

147.5 

22.6 

34.7 

169.5 

24.2 

37.0 

193.5 

88 



20.4 

30.9 

132.5 



22.0 

33.3 

154.0 

23.6 

35.7 

177.0 

25.2 

38.0 

201.5 

90 



21.3 

31.8 

138.5 



22.9 

34.2 

160.0 

24.6 

36.7 

184.5 

26.2 

39.2 

210.0 

92 



22.1 

32.6 

143.  5 



23.8 

35.2 

166.5 

25.6 

37.7 

192.0 

27.2 

40.2 

217.5 

94 



23.0 

33.6 

149.  5 



24.8 

36.2 

173.5 



26.6 

38.8 

199.5 



28.3 

41.4 

226.0 

96 



23.9 

34.6 

155.5 



25.8 

37.2 

180.5 



27.7 

39.9 

207.5 



29.5 

42.5 

236.0 

98 



25.0 

35.6 

162.5 

26.  S 

38.4 

188.0 

28.8 

41.1 

216.0 

30.7 

43.9 

246.0 

100 

— 

26.0 

36.8 

169.  0! 

28.0 

39.6 

196.0 



30.0 

42.4 

225.0 



32.0 

45.3 

256.0 

B=distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope. 

C=vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S=distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A=area,  in  square  feet,  of  cut  section. 

W=width  of  finished  road. 

SHRINKAGE  FACTOR 

Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 


Note.— To  obtain  cubic  yardage  per  100  feet,  multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 

[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  y4: 1 


Width  of  finished  road 


§•6? 

9 

10 

11 

12 

m 

B 

C 

S 

A 

B 

c 

S 

A 

B 

C i 

! S 

A 

B 

C 

S 

A 

10 

4.8 

0.5 

5.0 

1.2 

5.3 

0.5 

5.  5 

1.5 

5.9 

0.6 

6.1 

1.8 

6.4 

0.7 

6.7 

2.1 

12 

4.8 

0.6 

5.0 

1.4 

5.3 

0.7 

5.5 

1.8 

5.9 

0.7 

6.2 

2.2 

6.4 

0.8 

6.7 

2.6 

14 

4.9 

0.7 

5.1 

1.7 

5.4 

0.8 

5.6 

2.1 

6.0 

0.9 

6.2 

2.6 

6.5 

1.0 

6.8 

3.1 

16 

4.9 

0.8 

5.2 

2.0 

5.4 

0.9 

5.7 

2.5 

6.0 

1.0 

6.3 

3.0 

6.5 

1.1 

7.0 

3.6 

18 

5.0 

1.0 

5.3 

2.3 

5.5 

1.0 

5.8 

2.9 

6.1 

1.2 

6.4 

3.4 

6.6 

1.3 

7.1 

4.1 

20 

5.0 

1.0 

5.4 

2.6 

5.5 

1.2 

5.9 

3.3 

6.1 

1.3 

6.6 

3.9 

6.7 

1.4 

7.2 

4.7 

22 

5.0 

1.2 

5.5 

2.9 

5.5 

1.3 

6.0 

3.7 

6.1 

1.4! 

6.7 

4.4 

6.7 

1.6 

7.3 

5.3 

24 

5.1 

1.3 

5.6 

3.3 

5.6 

1.4 

6.1 

4.1 

6.2 

1.  6 

6.8 

4.9 

6.8 

1.8 

7.5 

5.9 

26 

5.1 

1.4 

5.7 

3.7 

5.6 

1.6 

6.3 

4.5 

6.2 

1.8 

6.9 

5.5 

6.8 

1.9 

7.6 

6.5 

28 

5.2 

1.6 

5.8 

4.1 

5.7 

1.7 

6.4 

5.0 

6.3 

1.9 

7.1 

6.1 

6.9 

2.1 

7.7 

7.  2 

30 

5.3 

1.7 

6.0 

4.5 

5.8 

1.9 

6.5 

5.5 

6.4 

2.1 

7.2 

6.7 

7.0 

2.3 

7.9 

7.9 

32 

5.4 

1.9 

6.1 

5.0 

5.8 

2.0 

6.7 

6.0 

6.4 

2.3 

7.4 

7.4 

7.1 

2.5 

8.1 

8.7 

34 

5.4 

2.0 

6.2 

5.5 

5.9 

2.2 

6.8 

6.5 

6.5 

2.4 

7.6 

8. 1 

7.2 

2.7 

8.2 

9.5 

36 

5.5 

2.2 

6.4 

6.0 

5.9 

2.4 

7.0 

7.1 

6.6 

2.6 

7.7 

8.8 

7.2 

2.9 

8.4 

10.4 

38 

5.5 

2.3 

6.5 

6.5 

6.0 

2.5 

7. 1 

7.7 

6.7 

2.8 

7.9 

9.5 

7.3 

3.1 

8.6 

11.3 

40 

5.6 

2.5 

6.7 

7.0 

6.1 

2.7 

7.3 

8.3 

6.8 

3.0 

8.1 

10.2 

7.4 

3.3 

8.9 

12.2 

42 

5.7 

2.7 

6.8 

7.6 

6.2 

2.9 

7.5 

9.0 

6.9 

3.2 

8.3 

11.0 

7.5 

3.5 

9.1 

13.1 

44 

5.7 

2.8 

7.0 

8.2 

6.3 

3.1 

7.7 

9.7 

7.0 

3.4 

8.5 

11.9 

7.6 

3.8 

9.4 

14.4 

46 

5.8 

3.0 

7.2 

8.8 

6.4 

3.3 

7.9 

10.8 

7.1 

3.7 

8.8 

13.1 

7.7 

4.0 

9.6 

15.4 

48 

5.9 

3.2 

7.4 

9.5 

6.5 

3.5 

8.2 

11.3 

7.2 

3.9 

9.0 

14.1 

7.8 

4.3 

9.9 

16.3 

50 

6.0 

3.4 

7.7 

10.2 

6.6 

3.8 

8.5 

.12.6 

7.3 

4.2 

9.3 

15.3 

8.0 

4.6 

10.2 

18.4 

52 

6.1 

3.6 

7.9 

11.0 

6.7 

4.0 

8.7 

13.4 

7.5 

4.5 

9.7 

16.9 

8.2 

4.9 

10.5 

20.1 

54 

6.3 

3.9 

8.2 

12.3 

6.9 

4.3 

9.1 

14.8 

7.7 

4.8 

10.0 

18.5 

8.4 

5.2 

10.9 

21.8 

56 

6.4 

4.2 

8.5 

13.5 

7.1 

4.6 

9.4 

16.3 

7.9 

5.1 

10.4 

20.1 

8.6 

5.6 

11.3 

24.1 

58 

6.6 

4.5 

8.9 

14.8 

7.3 

4.9 

9.8 

17.8 

8. 1 

5.4 

10.8 

21.4 

8.8 

5.9 

11.8 

26.0 

60 

6.8 

4.8 

9.3 

16.3 

7.5 

5.3 

10.3 

19.9 

8.3 

5.9 

11.3 

24.4 

9.0 

6.4 

12.4 

28.8 

62 

7.2 

5.2 

9.  9 

18.2 

7.9 

5.8 

10.9 

23.3 

8.8 

6.3 

12.0 

27.8 

9.5 

6.9 

13.1 

32.8 

64 

7.6 

5.7 

10.5i 

20.7 

8.4 

6.3 

11.6 

28.5 

9.3 

6.9 

12.8 

32.1 

10. 1 

7.5 

14.0 

38.4 

66 

8.0 

6.3 

11.51 

25.2 

8.9 

7.0 

12.8 

31.1 

9.8 

7.8 

14.0 

38.2 

10.7 

8.5 

15.4 

45.4 

68 

9.0 

7.4 

13.1 

! 33.3 

10.0 

8.2 

14.6 

41.0 

11.0 

9.0 

16.0 

49.5 

12.0 

9.8 

17.5 

54.0 

70 



7.6 

13.3 

34.2 

8.5 

14.8 

42.5 



9.3 

16.3 

51.5 



10.2 

17.7 

61.3 

72 



7.9 

13.5 

35.6 



8.8 

15.0 

44.0 



9.8 

16.5 

54.0 



10.5 

18.0 

63.0 

74 



8.2 

13.7 

36.9 



9.1 

15.2 

45.5 



10.0 

16.8 

55.0 

10.9 

18.3 

65.5 

76 



8.4 

14.0 

37.6 



9.4 

15.5 

47.0 

10.3 

17.0 

56.5 

11.2 

18.6 

67.0 

78 



8.7 

14.2 

39.2 

9.7 

15.8 

48.5 

10.7 

17.3 

59.0 

11.6 

18.9 

69.5 

80 



9.0 

14.4 

40.5 

10.0 

16.0 

50.0 

11.0 

17.6 

60.5 

12.0 

19.2 

72.0 

82 



9.3 

14.7 

41.9 



10.3 

16.3 

51.5 



11.3 

17.9 

62.0 



12.4 

19.5 

74.5 

84 

9.6 

14.9 

43.2 



10.6 

16.5 

53.0 



11.7 

18.2 

64.5 



12.7 

19.8 

76.3 

86 



9.9 

15.1 

44.5 

11.0 

16.8 

55.0 



12.1 

18.5 

66.  5 



13.1 

20.1 

78.5 

88 



10.2 

15.4 

45.9 

11.3 

17.1 

56.5 



12.4 

18.8 

68.3 



13.5 

20.5 

81.0 

90 



10.5 

15.6 

47.3 

11.6 

17.4 

58.0 



12.8 

19.1 

70.5 



13.9 

20.8 

83.5 

92 



10.8 

15.9 

48.5 



12.0 

17.6 

60.0 

13.1 

19.4 

72.0 

14.3 

21. 1 

86.0 

94 



11.1 

16.1 

49.9 



12.3 

17.9 

61.5 

13.5 

19.7 

74.3 

14.  7 

21.5 

88.  0 

96 



11.4 

16.4 

51.3 



12.6 

18.2 

63.0 

13.9 

20.0 

76.5 

15.1 

21.8 

90.5 

98 



11.7 

16.8 

52.6 



13.0 

18.5 

65.0 

14.3 

20.4 

78.5 

15.6 

22.2 

93.5 

100 

— 

12.0 

17.0 

54.0 

! 

13.4 

18.9 

67.0 

— 

14.8 

20.8 

81.5 

— 

16.0 

22.7 

96.0 

B= distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope. 

C = vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S= distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A = area,  in  square  feet,  of  cut  section. 

W = width  of  finished  road. 

SHRINKAGE  FACTOR 
Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 
Note.— To  obtain  cubic  yardage  per  100  feet,, 
multiply  average  end  areas  by  3.7. 
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SLOPE  STAKE  AND  AREA  TABLES 


[For  use  on  Forest  Service  minor  roads]  CUT  SLOPE  H:1 


© 

Width  of  finished  road 

13 

14 

15 

16 

m 

B 

C 

S 

A 

B 

c 

S 

A 

B 

C 

S 

A 

B 

C 

S 

A 

10 

7.0 

0.7 

7.2 

4.9 

7.5 

0.8 

7.7 

2.8 

8.0 

0.8 

8.2 

3.2 

8.5 

0.9 

8.8 

3.8 

12 

7.0 

0.9 

7.3 

5.0 

7.5 

1.0 

7.8 

3.5 
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120.0 

78 



12.6 

20.5 

82.  0! 

L 
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17.0 

26.5 

136.0 

86 



14.2 

21.8 

92.5 
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107.0 

.... 
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25.2 

124.0 



17.5 

26.9 

140.0 
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14.7 

22.2 

95.5 

15.8 

23.9 

110.5 

... 

17.0 

25.6 

127.5 



18.1 

27.3 

145.0 

90 

15.1 

22.6 

98.0 

16.3 

24.3 

114.0 

17.4 

26. 1 

130.5 

18.6 

27.8 

149.0 
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23.0 

101.0 



16.8 

24.7 

117.5 

18.0 

2o.  5 

135.0 

19.1 

28.2 

153.0 
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16.0 

23.3 

104.0 



17.2 

25. 1 
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18.4 

; 26.9 

138.0 



19.7 

28.7 

157.5 
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16.4 

23.6 

106.5 



17.7 

25.  5 

124.0 

18.9 

! 27.3 

142.0 



20.2 

29. 1 

161.5 
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16.9 

24.1 

110.0 



18.2 

25.9 

127.5 

19.5 

i 27.8 

146.0 



20.8 

29.6 

166.0 

100 

— 

17.3 

24.5 

112.5 

— 

18.7 

26.4 

131.0 

— 

20.0 

1 28.3 

150.0 

— 

i 21.4 

30.3 

171.0 

B=  distance,  in  feet,  cut  into  hillside  from 
grade  stake  to  toe  of  cut  slope. 

C = vertical  cut,  in  feet,  to  be  marked  on  cut  stake. 
S= distance  along  slope,  to  be  measured  from 
grade  stake  to  cut  stake. 

A = area,  in  square  feet,  of  cut  section. 

W = width  of  finished  road. 

SHRINKAGE  FACTOR 
Common 

20  per  cent  for  slopes  10  to  40  per  cent. 

30  per  cent  for  slopes  40  to  66  per  cent. 

Solid  rock 

15  per  cent  for  slopes  10  to  40  per  cent. 

10  per  cent  for  slopes  40  to  66  per  cent. 


Note— To  obtain  cubic  yardage  per  100  feet,  multiply  average  end  areas  by  3.7 
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OBSERVATION  OF  POLARIS  AT  AN  HOUR  ANGLE 

To  clearly  illustrate  the  use  of  this  method,  the  following  example  is  used: 

Date  of  observation,  September  15,  1927. 

Latitude,  47°  8 Yl  \ longitude,  115°  52^';  both  derived  from  ^-inch  Forest  map  by  inter- 
polation. 

Watch  is  adjusted  to  standard  time  of  the  one  hundred  and  fifth  meridian  (mountain 
time). 

FIELD  WORK 

From  a transit  station  on  the  surveyed  line  a reference  line  is  established  to  the  west  of  the 
star.  (See  fig.  3.)  From  this  the  following  observations  are  made: 


Observation 

Horizontal 
angle  star 
to  reference 
point 

Standard 

time 

1.  Direct 

o / 

3 49 

7.38  p.  m. 
7.46  p.  m. 
7.50  p.  m. 
7.54  p.  m. 

2.  Reverse 

3 47 

3.  Direct 

3 46 

4.  Reverse 

3 47 

With  this  information  available  the  following  office  computations  are  necessary  to  complete 
the  observation: 

1.  Tables  needed 

(а)  “Ephemeris  of  the  Sun  and  Polaris  and  Tables  of  Azimuths  and  Altitudes  of  Polaris.” 
(This  pamphlet  is  published  each  year  by  the  General  Land  Office;  also  it  is  believed  that  most 
instrument  manufacturers  publish  a pocket  “Ephemeris”  each  year  which  includes  tables  of 
azimuths  for  hour  angles.) 

(б)  Correction  tables  for  longitude  (siderial  conversion  table),  included  in  this  book,  page  30* 

2.  Longitude  and  time 

The  following  relation  exists  between  longitude  and  time: 

15°  longitude  equals 1 hour  of  time. 

1°  longitude  equals 4 minutes  of  time. 

1'  longitude  equals 4 seconds  of  time. 

3.  Computations 


(a)  To  obtain  local  mean  time  of  observation:  0 ' 

Longitude  of  observation . 115  52.5 

Longitude  of  mountain  (watch)  time 105  0 

Difference  in  longitude 10  52.5 

Multiply  by  4 (see  2,  Longitude  and  time 4 4 

Difference  in  time 43“  308  =43. 5“ 


Standard  time  of  observation,  1 (d) 7h  38.0m 

(Watch  is  faster  than  local  mean  time)  minus*— —43. 5 


Local  mean  time  of  observation,  1 (d) 6h  54. 5“ 

*Add  when  observation  is  east  of  meridian  to  which  watch  is  set. 

(b)  Hour  angle: 

Local  mean  time  of  upper  culmination  at  Greenwich  Sept.  15,  ° ' 

1927 2h  4.1“  a.  m. 

Time  correction  subtracted  from  Greenwich  local  mean  time 
(table  of  Siderial  Conversions) —1. 2 


Local  mean  time  of  upper  culmination  on  Sept.  15,  1927.  2h 
Local  mean  time  of  observation  1 (d),  Sept.  15,  1927 {-bliT 


2.9“  a.  m. 
54. 5“  p.  m. 
00.0 


Hour  angle  at  observation  1 (d)  (see  fig . 1) 16h  51. 6“ 

Figure  1.— From  2h  2.9“  a.  m.  until  2h  2.9“  p.  m.  equals  12  hours;  from  2h  2.9“ 
p.m.  until  time  of  observation  6fa  54.5“  p.  m.  equals  4h  41.6“  plus  12  hours  equate 
16h  51.6“  hour  angle. 
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(c)  Time  argument: 

To  obtain  time  argument  consult  Figure  2.  If  the  hour  angle  (time  elapsed 
between  upper  culmination  and  time  of  observation)  is  less  than  llh  58m  the 
star  is  west  of  the  meridian;  if  greater  the  star  is  east  of  the  meridian.  If  hour  angle 
is  greater  than  llh  58m  subtract  from  23*»  56D>.  The  time  argument  at  observation 
1 (d)  is,  therefore,  23h  56m  minus  16h  51. 6m  equals  7^  04J4m. 


VL 


(d)  Azimuth  of  Polaris: 

Use  time  argument  7h  04^m  and  latitude  47°  8H'  N.  in  hour  angle  table  in 

back  of  Ephemeris  and  by  interpolation  obtain  azimuth. 1°  31' 

From  Ephemeris  for  date  Sept.  15,  1927,  obtain  +88°  54'  44.99"  and  with 
time  argument  7h  refer  to  angle  hour  table  in  back  of  Ephemeris 
and  obtain  correction  (addative) +0. 2^ 


Azimuth  of  Polaris  at  observation  1 (d)  is 1°  31. 2' 


From  the  field  observations  and  computations  we  then  have  the  following: 


Figure  3 
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OBSERVATION  OF  POLARIS  AT  ELONGATION 


Example.— Date,  May  2, 1927;  latitude,  46°  32'  North;  longitude,  110°  36'  West.  Latitude 


and  longitude  derived  from  inch  Forest  map  by  interpolation. 

Mean  time  of  eastern  elongation  at  Greenwich,  May  2, 1927_  5h  1.3m  a.  m. 

Correction  (subtractive)  for  longitude  110°  36'  from  table  of  Siderial  Conversions.  1.2m 


Time  of  eastern  elongation,  corrected  for  longitude,  May  2, 1927 5h  0.1m  a.  m. 

Correction  to  time  of  elongation,  latitude  46°  32'  N.  (addative) 1.0m 


Local  mean  time  of  eastern  elongation,  May  2, 1927 5h  l.lm  a.  m. 

Longitude  of  observation 110°  36'  W. 

Longitude  of  Mountain  (watch)  time 105  0 W. 


Difference  in  longitude 5°  36' 

Relation  of  longitude  to  time,  multiply  by  4__ 4 4 


Difference  in  time _ 22m  24B=  22.4m 

Local  mean  time  of  eastern  elongation __ 5h  l.lm  a.  m. 

Watch  is  fast  of  local  mean  time +22.4m 


Local  mean  time  of  observation.. 


5h  23. 5m  a.  m. 


Interpolating  in  Ephemeris  for  latitude  46°  32'  N.  and  declination  +88°  54'  40.45" =1°  34' 
58"  equals  N.  1°  35'  E.  azimuth  of  Polaris. 

For  true  meridian,  therefore,  lay  off  to  left  if  eastern  elongation  and  to  right  if  western  elonga- 
tion. 


SIDEREAL  CONVERSIONS 


Longi- 

tude 

Hours 

Longitude 

0°  0' 

2°  30' 

5°  0' 

7°  30' 

10°  0' 

12°  30' 

15°  O' 

Minutes 
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m 

8 

m 

8 

m 

8 
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0 

0 
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3 

0 

5 

0 

7 

0 

8 

0 

10 

15 

1 

0 

10 

0 

11 

0 

13 

0 

15 

0 
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0 

18 

0 

20 

30 

2 

0 

20 

0 

21 

0 

23 

0 

25 

0 

26 

0 

28 

0 

30 

45 

3 

0 

30 

0 

31 

0 

33 

0 

34 

0 

36 

0 

38 

0 

39 

60 

4 

0 

39 

0 

41 

0 

43 

0 

44 

0 

46 

0 

48 

0 

49 

75 

5 

0 

49 

0 

51 

0 

53 

0 

54 

0 

56 

0 

57 

0 

59 

90 

6 

0 

59 

1 

1 

1 

2 

1 

4 

1 

6 

1 

7 

1 

9 

105 

7 

1 

9 

1 

11 

1 

12 

1 

14 

1 

15 

1 

17 

1 

19 

120 

8 

1 

19 

1 

20 

1 

22 

1 

24 

1 

25 

1 

27 

1 

29 

135 

9 

1 

29 

1 

30 

1 

32 

1 

34 

1 

35 

1 

37 

1 

38 

150 

10 

1 

38 

1 

40 

1 

42 

1 

43 

1 

45 

1 

47 

1 

48 

165 

11 

1 

48 

1 

50 

1 

52 

1 

53 

1 

55 

1 

56 

1 

58 

180 

12 

1 

58 

2 

0 

2 

1 

2 

3 

2 

5 

2 

6 

2 

8 

195 

13 

2 

8 

2 

10 

2 

11 

2 

13 

2 

15 

2 

16 

2 

18 

210 

14 

2 

18 

2 

19 

2 

21 

2 

23 

2 

24 

2 

26 

2 

28 

225 

15 

2 

28 

2 

29 

2 

31 

2 

33 

2 

34 

2 

36 

2 

37 

240 

16 

2 

37 

2 

39 

2 

41 

2 

42 

2 

44 

2 

46 

2 

47 

255 

17 

2 

47 

2 

49 

2 

51 

2 

32 

2 

54 

2 

56 

2 

57 

270 

18 

2 

57 

2 

59 

3 

0 

3 

2 

3 

4 

3 

5 

3 

7 

285 

19 

3 

7 

3 

9 

3 

10 

3 

12 

3 

14 

3 

15 

3 

17 

300 

20 

3 

17 

3 

18 

3 

20 

3 

22 

3 

23 

3 

25 

3 

27 

315 

21 

3 

27 

3 

28 

3 

30 

3 

32 

3 

33 

3 

35 

3 

37 

330 

22 

3 

37 

3 

38 

3 

40 

3 

41 

3 

43 

3 

45 

3 

46 

345 

23 

3 

46 

3 

48 

3 

50 

3 

51 

3 

53 

3 

55 

3 

56 

Sidereal  into  mean  solar  time,  to  be  subtracted  from  a sidereal  time  interval:  Argument 
hours  and  minutes  of  sidereal  interval. 

Mean  solar  into  sidereal  time,  to  be  added  to  a mean  time  interval:  Argument  hours  and 
minutes  of  mean  time  interval. 

Upper  culmination  of  Polaris,  amount  to  be  subtracted  from  the  Greenwich  mean  time  of 
upper  culmination  of  Polaris,  or  of  elongation,  to  obtain  the  local  mean  time  of  upper  culmina- 
tion, or  of  elongation:  Argument  longitude  west  from  Greenwich. 

The  above  table  is  an  abridged  mean  of  two  tables  given  in  the  American  Ephemeris  and 
Nautical  Almanac  for  similar  conversions;  reductions  involving  a refinement  exceeding  0.8 
seconds  must  be  made  from  the  more  elaborate  tables. 
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CORRUGATED  METAL  CULVERT  PIPE 

DIMENSIONS  AND  WEIGHTS 
[Department  circular  No.  331] 


Nominal  diameter 

Length  of 
sheet 
before 
forming 

Width  of 
lap 

Minimum 

gage, 

United 

States 

standard 

Theoretical 
weight  per 
linear 
foot  of 
finished 
culvert 
exclusive 
of  end 
finish 

12  inches 

Inches 

40 

Inches 

2.0 

16 

Pounds 

10.5 

15  inches 

50 

2.0 

16 

13.1 

18  inches 

60 

2.5 

16 

15.7 

21  inches 

70 

2.5 

14 

22.5 

24  inches 

80 

3.0 

14 

25.8 

30  inches 

100 

3.5 

14 

32.2 

36  inches 

120 

3.5 

12 

53.3 

Culvert  companies  reckon  weight  of  band  equal  to  two-thirds  weight  of  1 linear  foot  of 
pipe  corresponding  diameter. 
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SYSTEM  OF  MARKING  CORNERS  AS  EMPLOYED 
^ 8Y  THE  GENERAL  LAND  OFFICE. 


TOWNSHIP  NO.  JL  M PANGS  NO.  3JV.  MERIDIAN . 


R.  3 W. 


m- 


« 1 HH 


-HH- 


HKfr 


h 


T.5N. 


■m 


• 24  - 


-m 


ON  NORTH  AND  SOUTH  LINES  '/4  CORNERS  ARE  MARKED 
('/4  S)  ON  WEST  FACE. 

ON  EAST  AND  WEST  LINES  >/4  CORNERS  ARE  MARKED 
^!/4S)0N  NORTH  FACE. 


^7/Z^y  7o/V/Ls////>  ///L£s  oor/zes-s  <?r<?OlS<ZsS  O/Zs 

f/ie*  /%7c&&  o/*  &/&/ . Sc^//cvzs  gosz&z/~& 

//c*?r&<sc/  /y/rfL,  #jo/<z/<z*s  o,z,  exAp&s'  o/? 
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CUBIC  YARDS  LOOSE  PER  100  LINEAR  FEET 


3 12  16  20  24  28 


WIDTH  OF  ROAD -FEET 

CUBIC  YARDS  OF  GRAVEL  REQUIRED  FOR 
GRAVEL  ROAD  CONSTRUCTION 

The  ratio  of  compact  to  loose  gravel  and  crushed 
stone  is  approximately  T-t or  hi1/*. 

To  use  /-/p/s  d/aj/ra/TP  in  cor/pec/ior?  tv/Y/j  f/pe  s/u/pc/-~ 
arc/  c/es/prs,  co./77/ou/e  Y/?e  arrraye  c/epf/?  of  sur- 
facing /n  /he  cross  - sec/7'0/7. 
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TONS  PER  IOO  SQUARE  YARDS 


100 


POUNDS  PER  CU.  FT.  LOOSE 


HUNDRED  POUNDS  PER  CU.  YD.  LOOSE 
TONS  OF  GRAVEL  REQUIRED  FOR 
GRAVEL  ROAD  CONSTRUCTION 


The  ratio  of  compact  to  loose  qravel  and  crushed 
Stone  is  approximately  1:1  /a  or  /: / ‘A 

To  use  t/?/s  (//ayrcc/r?  //?  connect/on  w/YS?  t//e  stand' 
arc!  c/es/yns,  compute  the  are /~czye  c/ept/?  of  sur- 
fac/'ny  /n  the  cross  - sect/on 
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WORKING  STRESSES  PERMISSIBLE— BENDING 

Pounds  per  square  inch  for  structural  timbers  of  select  (S2)  grade  1 
[Department  Circular  295,  U.  S.  Department  of  Agriculture] 


Bending 


Species 

Allowab] 
fiber  foi 

Damp 
or  wet 
location 
(docks, 
piling, 
and  sills) 

le  stress  in 
• select  (S2 

Outside, 
not  in 
contact 
with  soil 
(bridges 
and  open 
sheds) 

extreme 
) grade 

Under 
shelter 
in  dry 
location 
(factories 
and  ware- 
houses) 

Allow- 
able hori- 
zontal 
shear 
stress, 
select(S2) 
grade,  all 
locations 

Allowable 
modulus  of 
elasticity 
for  all 
grades,  all 
locations 

Ash,  black 

800 

900 

1,000 

90 

1, 100, 000 

Ash,  commercial  white  (green,  bilt- 

more,  white) . - _ - 

1,000 

1,  200 

1, 400 

125 

1, 500, 000 

Aspen  and  large-tooth  aspen 

500 

650 

800 

80 

900, 000 

Basswood 

500 

650 

800 

80 

900, 000 

Beech 

1,000 

1, 300 

1,  500 

125 

1, 600, 000 

Birch,  paper 

600 

750 

900 

80 

1, 000, 000 

Birch,  yellow  and  sweet 

1,  000 

1, 300 

1,  500 

120 

1, 600,  000 

Cedar,  Alaska.  — 

800 

900 

1,  000 

90 

1, 100,  000 

Cedar,  western  red ....  

750 

800 

900 

80 

1, 000,  000 

Cedar,  northern  and  southern  white. _ 

600 

650 

750 

70 

800,  000 

Cedar,  Port  Orford 

900 

1,  000 

1, 100 

100 

1, 200,  000 

Chestnut 

700 

850 

950 

90 

1,  000,  000 

Cottonwood,  common  and  black 

500 

650 

800 

80 

900,  000 

Cypress,  bald . 

900 

1, 100 

1, 300 

100 

1, 400,000 

Douglas  fir  (western  Washington  and 

Oregon)2 

1,  00G 

1, 300 

1,  500 

90 

1, 600,000 

Douglas  fir  (Rocky  Mountain  type).. 

700 

900 

1, 100 

85 

1,  200,  000 

Elm,  cork 

1,000 

1,  300 

1,  500 

125 

1,  300,  000 

Elm,  slippery  and  white 

800 

900 

1, 100 

100 

1,  200,  000 

Fir,  balsam...  . . 

600 

750 

900 

70 

1, 000,000 

Fir,  commercial  white  (white,  noble, 

grand) 

800 

900 

1, 100 

70 

1,  200,  000 

Gum,  black  and  cotton 

800 

900 

1, 100 

100 

1,200,  000 

Gum,  red 

800 

900 

1, 100 

100 

1,  200,  000 

Hemlock,  western 

900 

1, 100 

1,  300 

75 

1, 400,  000 

Hemlock,  eastern 

800 

900 

1, 000 

70 

1, 100,  000 

Hickory,  true  and  pecan 

1,  200 

1,  500 

1, 900 

140 

1,  800,  000 

Larch,  western 

900 

1, 100 

1,  200 

100 

1, 300, 000 

Maple,  sugar  and  black 

1, 000 

1,300 

1,  500 

150 

1, 600,  000 

Maple,  red  and  silver 

700 

900 

1,000 

100 

1, 100,  000 

Oak,  commercial  red  and  white 

1,  000 

1,  200 

1, 400 

125 

1,  500,  000 

Pine,  southern  yellow  2 

1,  000 

1, 300 

1,  500 

110 

1, 600,000 

Pine,  white,  sugar,  western  white, 

western  yellow 

750 

800 

900 

85 

1, 000,000 

Pine,  Norway _ 

800 

1, 000 

1, 100 

85 

1,  200,  000 

Poplar,  yellow 

800 

900 

1,000 

80 

1, 100,  000 

Redwood 

800 

1,000 

1,200 

70 

1, 200,  000 

Spruce,  red  white,  Sitka 

800 

900 

1, 100 

85 

1,  200,  000 

Spruce,  Engelmann 

500 

650 

750 

70 

800,000 

Sycamore 

800 

900 

1, 100 

80 

1,  200,  000 

Tamarack,  eastern 

900 

1, 100 

1,200 

95 

1,  300,  000 

1 Working  stresses  for  extra  select  (SI),  extra  select  (SI)  dense,  standard  (S3),  and  common 
(S4)  grades  are  obtained  by  multiplying  the  basic  stress  by  7/6,  8/6,  5/6,  and  4/6,  respectively. 

2 The  working  stresses  of  any  grade  of  timbers  of  Douglas  fir  and  southern  yellow  pine  which 
meet  the  density  requirements  of  the  American  Society  of  Testing  Materials  shall  be  increased 
one-sixth  the  allowable  stress  given  in  the  table  for  the  basic  or  select  (S2)  grade. 
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WORKING  STRESSES  PERMISSIBLE— COMPRESSION 

Pounds  per  square  inch  for  structural  timbers  of  select  (S2)  grade 


Compression 


Species 

Allowable  stress  paral- 
lel to  grain  “Short 
Columns”  for  select 
(S2)  grade  1 

Allowable  stress  per- 
pendicular to  grain 
for  all  grades 

Wet 

location 

Dry  j Dry 
outside  | inside 
location  location 

Wet  : 
location 

Dry 

outside 

location 

Dry 

inside 

location 

Ash,  black _ _ 

500 

550 

650 

150  ; 

200 

300 

Ash,  commercial  white  (green,  biltmore, 
white) 

900 

1,000 

1,  ICO 

300 

375 

500 

Aspen  and  large-tooth  aspen 

450 

550 

700 

100 

125 

150 

Basswood . 

450 

550 

700 

100 

125 

150 

Beech...  

900 

1, 100 

1,  200 

300 

375 

500 

Birch,  paper 

450 

550 

650 

100 

150 

200 

Birch,  yellow  and  sweet 

900 

1, 100 

1,  200 

300 

375 

500 

Cedar,  Alaska .• 

650 

750 

800 

150 

200 

250 

Cedar,  western  red 

650 

700 

700 

125 

150 

200 

Cedar,  northern  and  southern  white 

450 

500 

550 

100 

140 

175 

Cedar,  Port  Orford 

750 

825 

900 

150 

200 

250 

Chestnut 

eco 

700 

800 

150 

200 

300 

Cottonwood,  common  and  black 

450 

550 

700 

100 

125 

150 

Cypress,  bald 

800 

1,000 

1, 100 

225 

250 

350 

Douglas  fir  (western  Washington  and 
Oregon)2 

850 

1,000 

1, 100 

200 

225 

325 

Douglas  fir  (Rocky  Mountain  type). 

700 

800 

800 

200 

225 

275 

Elm,  cork...  ..  _ 

900 

1, 100 

1,  200 

300 

375 

500 

Elm,  slippery  and  white 

650 

750 

800 

125 

175 

250 

Fir,  balsam __  ....  

500 

600 

700 

100 

125 

150 

Fir,  commercial  white  (white,  noble, 
grand) 

650 

750 

800 

150 

200 

300 

Gum,  black  and  cotton 

650 

750 

800 

150 

200 

300 

Gum,  red 

650 

750 

800 

150 

200 

300 

Hemlock,  western 

800 

900 

900 

200 

225 

300 

Hemlock,  eastern 

Hickory,  true  and  pecan 

600 

700 

700 

200 

225 

300 

1,000 

1,  200 

1,  500 

350 

400 

600 

Larch,  western 

800 

1, 000 

1, 100 

200 

275 

325 

Maple,  sugar  and  black 

900 

1, 100 

1,  200 

300 

375 

500 

Maple,  red  and  silver..  

600 

700 

800 

200 

250 

350 

Oak,  commercial  red  and  white 

800 

900 

1,  000 

300 

375 

500 

Pine,  southern  yellow  2 

850 

1,  COO 

1, 100 

200 

225 

325 

Pine,  white,  sugar,  western  white,  west- 

ern yellow 

650 

750 

750 

125 

150 

250 

Pine,  Norway 

700 

800 

800 

150 

175 

300 

Poplar,  yellow 

600 

700 

800 

125 

150 

250 

Redwood 

750 

900 

1,000 

125 

150 

250 

Spruce,  red,  white,  Sitka 

650 

750 

800 

125 

150 

250 

Spruce,  Engelmann 

450 

550 

600 

100 

140 

175 

Sycamore 

650 

750 

800 

150 

200 

300 

Tamarack,  eastern 

800 

GOO 

1,000 

200 

225 

300 

1 The  influence  of  knots  on  compressive  strength  of  columns  of  constant  cross  section 
decreases  as  the  length  increases.  When  the  length  reaches  30  times  the  least  dimension, 
knots  such  as  are  allowable  in  select  (S2)  timbers  have  no  appieciable  effect  on  the  strength 
as  a column. 

2 The  working  stresses  of  any  grade  of  timbers  of  Douglas  fir  and  southern  yellow  pine  which 
meet  the  density  requirements  of  the  American  Society  of  Testing  Materials  shall  be  increased 
one-sixth  the  allowable  stress  given  in  the  table  foi  the  basic  or  select  (S2)  grade. 
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MINIMUM  DIMENSIONS  FOR  STRINGERS  ON  NONTRUSS 

BRIDGES 


Span 

4-stringer  bridge,  10  feet 
wide  in  clear 

Span 

4-stringer  bridge,  10  feet 
wide  in  clear 

Sawed 

timber 

Round 

timber, 

diameter 

Sawed 

timber 

Round 

timber, 

diameter 

8 feet 

Inches 
3 x 8 
3x10 
3x  12 
4x  12 
6x  12 
8x  12 

Inches 

7 

8 
8 
9 

10 

11 

20  feet 

Inches 
10  x 12 
10  x 12 
12  x 12 
12  x 14 
12  x 14 
14  x 14 

Inches 

12 

13 

14 

14 

15 

16 

10  feet 

22  feet 

12  feet 

24  feet 

14  feet 

26  feet 

16  feet 

28  feet 

18  feet 

30  feet 

4 by  12  inches  planking  or  6 inches  round,  hewed  flat,  under  wheel  track. 

In  measuring  round  timbers  deduct  one-half  the  depth  of  sapwood  on  each  side  of  the  heart. 
The  timber  dimensions  specified  provide  a load  factor  of  125  pounds  per  square  foot,  with 
safety  factor  of  6.  For  especially  heavy  snowloads  or  unusually  heavy  vehicles,  an  extra 
stringer  may  be  added  if  Douglas  fir  is  not  available  for  stringers. 

For  bridges  12  feet  wide  having  11  feet  clear  roadway  use  not  less  than  5 stringers. 

For  10-ton  truck  loading  the  spacing  of  stringers  should  not  exceed  30  inches  for  4-inch 
decking  and  20  inches  for  3-inch  decking. 


RELATIVE  STRENGTHS  OF  SAWED  LUMBER  AND  ROUND 
TIMBER  BEAMS 


Sawed  lumber 
(6  x d) 

Square 

lumber 

corre- 

sponding 

Round 

timber, 

corre- 

sponding 

diameter 

3x8  inches 

Inches 

6 

Inches 

7 

3 x 10  inches 

7 

8 

3 x 12  inches 

8 

9 

4x6  inches. 

6 

7 

4x8  inches 

7 

8 

4 x 10  inches 

8 

9 

4 x 12  inches 

9 

10 

6x6  inches 

6 

7 

6x8  inches 

7 

8 

6 x 10  inches 

9 

10 

C x 12  inches 

10 

11 

Sawed  lumber 
(6  x d) 

Square 

lumber, 

corre- 

sponding 

Round 

timber, 

corre- 

sponding 

diameter 

7x7  inches 

Inches 

7 

Inches 

8 

7 x 10  inches 

9 

10 

7 x 12  inches 

10 

11 

8x8  inches 

8 

9 

8 x 10  inches 

9 

10 

8 x 12  inches 

11 

13 

10  x 10  inches 

10 

11 

10  x 12  inches 

12 

14 

12  x 12  inches 

12 

14 

12  x 14  inches 

13 

15 

14  x 14  inches 

14 

16 

• • . 


. 
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FORMULAE  FOR  SOLUTION  OF  RIGHT  AND  OBLIQUE 
TRIANGLES 


RIGHT  TRIANGLES 


To  find  A 

To  findlB 

Given 

Formulae 

Given 

Formulae 

Given 

Formulae 

Given 

* 

^ Formulae 

b,  c 

tan  A=- 
c 

c,  b 

cot  A=^ 

6,  c 

cot  B=b~ 
c 

c,  b 

(J 

tan  B=^ 

b , a 

sin  A=^~ 

a 

c,  a 

. c 

COSA- 

b,  a 

cos 

c,  a 

sin  B=-a 

To,find  a 

To  find  b 

At  b 

b 

a sin  A 

B,b 

b 

a~cos  B 

A,  c 
A,  a 

b=c  tan  A 
b=a  sin  A 

B,  a 

By  c 

b=a  cos  B 
b=c  cot  B 

At  c 

__  c 
a cos  A 

B,  c 

__  c 

a“sin  B 

To  find  c 

A,  a 
A,  b 

c=a  cos  A ; 
c=6  cot  A i 

1 

By  a 

By  b 

c=a  sin  B 
c=b  tan  B 

OBLIQUE  TRIANGLES 


To  find  a,  b,  c 


Given 


A,  b,  C 
A,  B,  c 
A,  B,  b 


Formulae 


b sin  C 
~ sin  A 

c sin  A 
~ sin  B 

b sin  B 
~ sin  A 


To  find  A,  B,  C 


Given 


a,  6,  C 
A,  b,  c 
A,  a,  b 


Formulae 


sin  A— 


b sin  C 


sin  B= 
sin  C= 


c sin  A 
b 

a sin  A 


To  find  A , B,  C 
s=y2  (a +6+c) 


Given 

Formulae 

a,  c,  s 

sin  y2  A=-y 

/(«— a)  (s-c) 
V ac 

a , b,  s 

sin  yB=^ 

IXs-a)  (s-6) 
i ab 

b,  C,  8 

sin  y2  C—  -y 

/Co' 

1 

o-3 

T 
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ACRES  REQUIRED  FOR  DIFFERENT  WIDTHS 

[Per  mile,  and  per  100  feet] 


Width, 

feet 

Acres 

per 

mile 

Acres 

per 

100  feet 

Width, 

feet 

Acres 

per 

mile 

Acres 

per 

100  feet 

Width, 

feet 

Acres 

per 

mile 

Acres 

per 

100  feet 

Width, 

feet 

Acres 

per 

mile 

Acres 

per 

100 

feet 

1 

0. 121 

0. 002 

26 

3. 15 

0. 060 

52 

6.  30 

0.119 

78 

9. 45 

0.179 

2 

.242 

.005 

27 

3.  27 

.062 

53 

6.42 

.122 

79 

9.58 

.181 

3 

.364 

.007 

28 

3.  39 

.064 

54 

6.  55 

.124 

80 

9.  70 

.184 

4 

.485 

.009 

29 

3.  52 

.067 

55 

6.  67 

.126 

81 

9.  82 

.186 

5 

.606 

.011 

30 

3.  64 

.069 

56 

6.  79 

.129 

82 

9. 94 

.188 

6 

.727 

.014 

31 

3.  76 

.071 

57 

6.91 

.131 

82*$ 

10. 00 

.189 

7 

.848 

.016 

32 

3.  88 

.073 

57H 

7.  00 

.133 

83 

10. 10 

.190 

8 

.970 

.018 

33 

4.00 

.076 

58 

7.  03 

.133 

84 

10.20 

.193 

8 H 

1.  00 

.019 

34 

4.12 

.078 

59 

7. 15 

.135 

85 

10.  30 

.195 

9 

1.  09 

.021 

35 

4.24  ; 

.080 

60 

7.  27 

.138 

86 

10. 40 

.197 

10 

1.  21 

.023 

36 

4.36  ! 

.083 

61 

7.  39 

.140 

! 87 

10.  50 

.200 

11 

1.  33 

.025 

37 

4.48  ! 

.085 

62 

7.  52 

.142 

88 

10.  70 

.202 

12 

1.46 

.028 

38 

4.61 

.087 

63 

7.64 

.145  j 

89 

10.  80 

.204 

13 

1.  58 

.030 

39 

4.  73 

.090 

64 

7.  76 

. 147 

90 

10.  90 

.207 

14 

1.  70 

.032 

40 

4.85 

.092 

65 

7.88 

.149  ! 

90f4 

11.  00 

.209 

15 

1. 82 

.034 

41 

4.  97 

.094 

66 

1 8.00 

.151 

91 

11.00 

.209 

16 

1. 94 

.037 

41 K 

5. 00 

.094 

67 

8.12 

.154 

92 

11.20 

.211 

16H 

2.  00 

.038 

42 

5. 09 

.096 

68 

^ 8.24 

.156 

93 

11.  30 

.213 

17 

2.  06 

.039 

43 

5.  21 

.099 

69 

i 8.36 

.158 

94 

11.40 

.216 

18 

2. 18 

.041 

44 

5.  33 

.101 

70 

8.  48 

.161 

95 

11.  50 

.218 

19 

2.  30 

.044 

45 

5. 45 

.103 

71 

8.  61 

.163 

96 

11.  60 

.220 

20 

2. 42 

.046 

46 

5.  58 

.106 

72 

8.  73 

.165 

97 

11.80 

.223 

21 

2.  55 

.048 

47 

5.  70 

.108 

73 

8.  85 

.168  ! 

j 98 

11.90 

.225 

22 

2.  67 

.051 

48 

5.  82 

.110 

74 

8.  97 

.170 

99 

12.00 

.227 

23 

2.  79 

.053 

49 

5. 94 

.112 

74H 

9.00 

.170 

| 100 

12. 10 

.230 

24 

2.  91 

.055 

49  H 

6.00 

. 114 

75 

9.  09 

. 172  1 

24H 

3.00 

.057 

50 

6.  06 

. 115 

76 

9.  21 

. 174 

! 

25 

3.  03 

.057 

51 

6.18 

.117 

77 

9.  33 

.177 : 

45 


CONTENTS  OF  LUMBER 

Number  of  board  feet  in  various  sizes,  for  lengths  gi\en 


Size  of  piece 

Length  of  piece,  in  feet 

10 

12 

14 

16 

18 

20 

22 

24 

2x4  inches.. 

6% 

8 

9% 

10%3 

12 

13% 

14% 

16 

2x6  inches 

10 

12 

14 

16 

18 

20 

22 

24 

2x8  inches 

13% 

16 

18% 

21% 

24 

26% 

29% 

32 

2 x 10  inches 

16% 

20 

23% 

26% 

30 

33% 

36% 

40 

2 x 12  inches.- 

20 

24 

28 

32 

36 

40 

44 

48 

2 x 14  inches.  

23% 

28 

32% 

37% 

42 

46% 

51% 

56 

2 x 16  inches 

26% 

32 

37% 

42% 

48 

53% 

58% 

64 

3x6  inches 

15 

18 

21  ; 

24 

27 

30 

33 

36 

3x8  inches 

20 

24 

28  ! 

32 

36 

40 

44 

48 

3 x 10  inches — 

25 

30 

35 

40 

45 

50 

55 

60 

3 x 12  inches.. 

30 

36 

42 

48 

54 

60 

66 

72 

3 x 14  inches 

35 

42 

49 

56 

63 

70 

77 

84 

3 x 16  inches 

40 

48 

56  j 

64 

72 

' 80 

88 

96 

4x4  inches.. 

13% 

16 

18% 

21% 

24 

26% 

29% 

32 

4x6  inches 

20 

24 

28 

32 

36 

40 

44 

48 

4x8  inches 

26% 

32 

37% 

42% 

48 

53% 

58% 

64 

4 x 10  inches ....... 

33% 

40 

46% 

53% 

60 

66% 

73% 

80 

4 x 12  inches 

40 

48 

56 

64 

72 

80 

88 

96 

4 x 14  inches 

46% 

56 

65% 

74% 

84 

93% 

102% 

112 

4 x 16  inches 

53% 

64 

74% 

85% 

96 

j 106% 

117% 

128 

6x6  inches 

30 

36 

42 

48 

54 

60 

66 

72 

6x8  inches — 

40 

48 

56 

64 

72 

80 

88 

96 

6 x 10  inches 

50 

60 

70 

• 80 

90 

100 

110 

120 

6 x 12  inches 

60 

72 

84 

96 

108 

120 

132 

144 

6 x 14  inches.. 

70 

84 

98 

112 

126 

140 

154 

168 

6 x 16  inches 

80 

96 

112 

128 

144 

i 160 

176 

192 

6 x 18  inches.- 

90 

108 

126 

144 

162 

i 188 

198 

216 

6 x 20  inches 

100 

120 

140 

160 

180 

200 

220 

240 

8x8  inches 

53% 

64 

74% 

85% 

96 

106% 

117% 

128 

8 x 10  inches 

66% 

80 

93% 

106% 

120 

; 133% 

146% 

160 

8 x 12  inches.. 

80 

96 

112 

128 

144 

160 

176 

192 

8 x 14  inches.. 

93% 

112 

130% 

149% 

168 

186% 

205% 

224 

10  x 10  inches 

83% 

100 

116% 

133% 

150 

166% 

183% 

200 

10  x 12  inches 

100 

120 

140 

160 

180 

200 

220 

240 

10  x 14  inches 

116% 

140 

163% 

186% 

210 

233% 

; 256% 

280 

10  x 16  inches 

133% 

160 

186% 

1 213% 

240 

266% 

1 293% 

320 

12  x 12  inches 

120 

144 

168 

192 

216 

1 240 

; 264 

288 

12  x 14  inches.. 

140 

168 

196 

224 

252 

280 

308 

336 

12  x 16  inches 

160 

192 

224 

256 

288 

j 320 

352 

384 

14  x 14  inches.. 

163% 

196 

228% 

261% 

294 

1 326% 

359% 

392 

14  x 16  inches 

186% 

224 

261% 

298% 

336 

! 373% 

410% 

1 

448 
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EQUIVALENTS  OF  PER  CENTS  IN  DEGREES 


Per  cent 

Degrees 

Per  cent 

Degrees 

Per  cent 

Degrees 

|j  Per  cent 

Degrees 

1 

o 

/ 

34 

26 

o 

14 

34 

51. 

o 

27 

/ 

Cl 

1 76 

o / 

37  14 

2 

1 

09 

27 

15 

07 

52 

27 

28 

77 

37  36 

3 

1 

43 

28 

15 

39 

53 

27 

55 

1 78 

37  57 

4 

2 

17 

29 

16 

10 

54 

28 

22 

! 7fi 

38  19 

5 

2 

52 

30 

16 

42 

55 

28 

49 

j 80 

38  40 

6 

3 

26 

31 

17 

13 

56 

29 

15 

81 

39  00 

7 

4 

00 

32 

17 

45 

57 

29 

41 

i 82. 

39  21 

8 ___ 

4 

34 

33 

18 

16 

58 

30 

07 

ji  83.  . . 

39  42 

9 

5 

09 

34_ 

18 

47 

59 

30 

32  j 

j 84.  . 

40  02 

10 

5 

43 

35 

I 19 

17 

60 

30 

58  ; 

j 85.  . 

40  22 

11 

6 

17 

36 

1 19 

48 

61 

31 

23 

i 

| 86 

40  42 

12 

6 

51 

37 

20 

18 

62 

31 

48 

1 87.. ...... 

41  01 

13 

7 

24 

38 

20 

48 

63 

32 

13 

| 88 

41  21 

14 

7 

58 

39 

21 

18 

64 

32 

37 

89. 

41  40 

15 

8 

32 

40_ 

21 

48 

65.. 

33 

01 

I GO 

41  59 

16 

9 

05 

41 

22 

18 

66 

33 

25 

1 

91. 

42  18 

17 

9 

38 

42 

22 

47 

67 

33 

49 

92 

42  37 

18 

10 

12 

43 

23 

16 

68 

34 

13 

93  _ . 

42  55 

19 

10 

45 

44 

23 

45  ; 

69 

34 

36 

94 

43  14 

20.. 

11 

19 

45 

24 

14 

70 

35 

00 

95 

43  32 

21 

11 

52 

46. 

24 

42 

71. 

35 

22 

96. 

43  50 

22. 

12 

24 

47 i 

25 

10 

72 

35 

45 

97 

44  08 

23 

12 

57 

48 1 

25 

38  i 

73.. 

36 

08 

98.  . 

44  25 

24_ 

13 

30  1 

49 

26 

06  i 

74 

36 

30 

99  .. 

44  43 

25 

14 

02  ji 

50- 1 

26 

34  ' 

75 

36 

52 

100.  

45  CO 

EQUIVALENTS  OF  DEGREES  IN  PER  CENT 


Degrees 

Per  cent 

Degrees 

Per  cent 

Degrees 

Per  cent 

Degrees 

Per  cent 

1 

1.74 

16— 

28.  67 

31 

60. 09 

46- 

103. 55 

2 

3. 49 

17 

30.  57 

32. 

62.  49 

47 

1 07.  24 

3 

5.24 

18 

32.  49 

33. 

64.  94 

48 

111.06 

4 

6.  99 

19 

34. 43 

34 

67.  45 

49 

115.04 

5 

8.  75 

20 

36. 40 

35 

70.  02 

50  

119. 18 

6 

10.  51 

21 

38.  39 

36 

72.  65 

51 

123.  49 

7 

12.  28 

22 

40. 40 

37 

75.  35 

52 

127.  99 

8 

14. 05 

23 

42.45 

38 

78. 13 

53. 

132.  70 

9 

15.84 

24 

44.  52 

39 

80.  98 

54 

137.64 

10 

17.  63 

25 

46.  63 

40 

83.  91 

55 

142.  81 

11 

19.  44 

26 

48.  77 

41 

86.  S3 

56 

148.  26 

12 

21.  26 

27 

50.  95 

42 

90.04 

57 - 

153.  99 

13 

23. 09 

28 

53. 17 

43 

93.25  , 

58 

160.  03 

14.- 

24.  93 

29 

55.  43 

44__. 

96.57 

59. 

166. 43 

15 

26.  80 

30 

57.  73 

45 

100.00  ! 

60 

173.20 

t 


t- 


i 


INCHES  REDUCED  TO  DECIMALS  OF  A FOOT 


Inches 

Foot 

In- 

ches 

Foot 

; In* 

! ches 

Foot 

In- 

ches 

Foot 

1 1 In- 
ches 

Foot 

1 in- 
! ches 

Foot 

0 

0.  0000 

2 

0. 1667 

4 

0.  3333 

6 

0.5000 

j 8 

0.  6667 

10 

0.  8333 

Vi2 

.0026 

.1693 

. 3359 

. 5026 

.6693 

.8359 

Me 

.0052 

.1719 

.3385 

.5052 

.6719 

.8385 

. 0078 

.1745 

.3411 

.5078 

.6745 

.8411 

H 

.0104 

M 

.1771 

H 

.3438 

H 

.5104 

.6771 

H 

.8438 

.0130 

.1797 

.3464 

.5130 

.6797 

.8464 

Mb 

.0156 

.1823 

.3490 

. 5156 

. 6823 

. 8490 

%2 

.0182 

.1849 

.3516 

.5182 

.6849 

.8516 

M 

. 0208 

M 

.1875 

H 

.3542 

H 

.5208 

H 

.6875 

H 

. 8542 

.0234 

.1901 

.3568 

.5234 

.6901 

. 8568 

Me 

.0260 

.1927 

.3594 

.5260 

.6927 

.8594 

1^2 

. G286 

. 1953 

.3620 

.5286 

.6953 

. 8629 

M 

i .0313 

M 

.1979 

M 

.3646 

M 

. 5313 

M 

.6979 

M 

.8646 

^32 

! .0339 

.2005 

.3672 

.5339 

. 7G05 

.8672 

Me 

.0365 

.2031 

.3698 

.5365 

.7031 

.8698 

*M2 

. 0391 

.2057 

.3724 

.5391 

.7057 

.8724 

H 

.0417 

M 

. 2083 

M 

.3750 

H 

. 5417 

H. 

.7083 

Yt 

. 8750 

17A2 

.0443 

.2109 

.3776 

.5443 

.!■  k 

.7109 

.8776 

Ms 

.0469 

.2135 

. 3802 

.5469 

2 X 

.7135 

.8802 

1%2 

.0495 

.2161 

.3828 

.5495 

.7161 

.8828 

M 

.0521 

M 

.2188 

M 

.3854 

H 

. 5521 

M 

j . 7188 

M 

.8854 

2^2 

.0547 

.2214 

.3880 

. 5547 

1 . 7214 

.8880 

iMe 

.0573 

.2240 

. 3906 

.5573 

.7240 

.8906 

2^2 

.0599 

.2266 

.3932 

.5599 

.7266 

.8932 

M 

.0625 

H 

.2292 

M 

.3958 

H 

.5625 

H 

j .7292 

H 

.8958 

2%2 

.0651 

.2318 

.3984 

. 5651 

.7318 

.8984 

iMe 

. 0677 

.2344 

.4010 

5677 

.7344 

.9010 

2%2 

. 0703 

.2370 

.4036 

5703  ; 

.7370 

.9036 

% 

.0729 

7A 

.2396 

M 

.4063 

j 7A 

.5729  | 

M 

.7396 

\ M 

.9063 

2^2 

.0755 

. 2422 

. 4089 

.5755  j 

, . 7422 

.9089 

iMe 

.0781  ; 

.2448 

.4115 

.5781 

. 744S 

. 9115 

3 J42 

.0807  1 

.2474 

.4141 

.5807  I 

. 7474 

.9141 

1 

.0833  i 

3 

.2500 

5 

. 4167 

I 7 

.5833  j 

1 9 

| . 7500 

11 

.9167 

H2 

.0859  ! 

.2526 

.4193 

.5859  J 

j .7526 

.9193 

Me 

.0885  ! 

.2552 

.4219 

. 5885  j 

| . 7552  j 

.9219 

M2 

.0911  ! 

. 2578 

.4245 

.5911  j 

| . 7578  | 

.9245 

H 

.0938 

M 

.2604 

M 

.4271 

H 

. 5938  ! 

I H 

: .7604  l 

H 

.9271 

M2 

.0964 

. 2630 

.4297 

.5964  | 

, . 7630  J 

.9297 

M e 

.0990  ! 

.2656 

. 4323 

.5990  j 

. 7656 

.9323 

£32 

.1016  ! 

.2682 

. 4349 

.6016  j| 

. 7682  j 

. 9349 

H 

. 1042  : 

M 

.2708 

M 

.4375 

H 

.6042  j 

H 

. 7708 

H 

.9375 

M2 

. 1068  j 

.2734 

.4401 

.6068  1 

. 7734 

.9401 

Me 

. 1094  i 

.2760 

.4427 

.6094  ! 

. 7760  | 

.9427 

1M2 

. 1120  j 

.2786 

.4453 

.6120  ! 

. 7786 

.9453 

M 

. 1146 

M 

.2813 

M 

.4479 

M 

. 6146  | 

M 

. 7813 

M 

.9479 

1M2 

. 1172  j 

.2839 

. 45C5 

. 6172 

. 7839 

.9505 

Me 

. 1198  1 

.2865  j 

.4531  I 

.6198  | 

.7865 

.9531 

IM2 

. 1224  i 

.2891  | 

.4557  ! 

.6224  1 

.7891 

.9557 

M 

. 1250 

H 

.2917 

M 

.4583  1 

H 

.6250 

H 

.7917 

H 

.9583 

*%2 

. 1276 

.2943 

.4609 

.6276 

.7943 

.9609 

Me 

. 1302 

.2969 

.4635  j 

.6302  | 

.7969 

.9635 

1M2 

.1328 

.29-95 

.4661  ! 

.6328  ; 

.7995 

.9661 

H 

. 1354  i 

M 

.3021 

M 

.4688 

M 

.6354  ! 

M 

.8021 

M 

.9688 

2 M2 

. 1380  , 

.3047 

.4714 

.6380  ! 

.8047 

.9714 

Hie 

. 1406 

.3073 

.4740  !j 

.6406  I 

.8073 

.9740 

2M2 

. 1432 

.3099 

.4766 

.6432  j 

.8099 

.9766 

% 

. 1458  j 

n 

.3125 

M 

.4792  |! 

M 

.6458  1 

H i 

.8125 

H 

.9792 

2 M2 

. 1484  ! 

.3151 

.4818 

. 6484  1 

.8151 

.9818 

JMe 

. 1510 

.3177 

.4844  1 

.6510  i 

.8177 

.9844 

2 M2 

. 1536  1 

.3203 

.4870  j 

.6536  || 

8203 

.9870 

M 

.1563  1 

7A 

. 3229 

M 

.4896  !; 

7A 

.6563  1 

M 

.8229 

7A 

.9896 

2 M2 

. 1589 

.3255 

. 4922  : 1 

.6589  |! 

l 

.8255 

T.  9922 

*Me 

. 1615  i 

.3281 

.4948  ! 

.6615  || 

.8281 

. 9948 

3 M2 

.1641  ! 

.3307 

.4974 

.6641  II 

1 

8307 

.9974 

48 
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CONVERSION  OF  SLOPE  DISTANCES  TO  HORIZONTAL 

DISTANCES 

Per  cent  Abney  and  100-foot  tape 


Slope 

dis- 

tance, 

feet 


Per  cent 


10  15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  95  100 


52  51.7 
54  53.7 
56  55.7 
58  j57.  7 
60  |59.7 

52  1 61.  7 


2.0  2.0 

4.0  4.0 

6.0  5.9 

8.0  7.9 
10.0  9.9 

11.911.9 
13.  9 13.  8 
15.  9 15.  8 

17. 9 17.  8 
19.  9 19.  8 

21.  9 21.  8 
23.  9 23.  7 
25.  9 25.  7 
27.  9 27.  7 
29.  9,29.  7 

31.8  31.6 
33.  8 33.  6 
35.  8 35.  6 
37.  8 37.  6 
39.  8 39.  6 

41.8  41.5 
43.  8 43.  5 
45.  8 45.  5 
47.  8 47.  5 
49.  8 49.  4 

51.4 

53.4 

55.4 

57.4 

59.3 

61.3 

63.3 

65.3 

67.2 

69.2 

71.2 

73.2 

75.2 
77. 
79. 


2.0 

3.9 

5.9 

7.8 

9.8 

11.8 

13.7 

15.7 

17.7 

19.6 

21.6 

23.5 

25.5 

27.5 


1.9 

3.9 

5.8 

7.8 
9.7 

11.6 

13.6 

15.5 

17.5 
19.4 

21.3 

23.3 

25.2 

27.2 


63.7 

65.7 

67.7 

69.7 

71.6 

73.6 

75.6 

77.6 

79.6 


29.  4 29. 1 

31.4  31.0 
33.  3 33. 0 
35.  3 34.  9 
37.  3 37.  0 
39.  2 38.  8 

41.  2 40.  7 

43. 1 42.  7 

45. 1 44.  6 

47. 1 46.  6 
49. 0 48.  5 


1.9 

3.8 

5.7 

7.7 
9.6 

11.5 

13.4 

15.3 

17.2 

19.2 

21.1 

23.0 

24.9 
26.8 

28.7 

30.7 

32.6 

34.5 

36.4 

38.3 

40.2 

42.1 

44.1 
46.0 

47.9 


1.9 

3.8 

5.7 

7.6 

9.4 

11.3 

13.2 

15.1 

17.0 

18.9 

20.8 

22.7 

24.5 

26.4 

28.3 

30.2 

32. 1 
34.0 

35.9 

37.8 

39.6 

41.5 

43.4 

45.3 

47.2 


1.9 

3. 

5.6 

7.4 

9.3 

11.1 

13.0 
14. 

16.7 
18.6 

20.4 

22.3 

24.1 
26.0 

27.9 

29.7 

31.6 

33.4 

35.3 

37.1 
39.0 

40.9 

42.7 
44.6 

46.4 


1.8 

3.6 

5.5 

7.3 

9.1 

10.9 

12.8 

14.6 

16.4 
18.2 

20.1 

21.9 

23.7 

25.5 

27.4 

29.2 

31.0 

32.8 
34.7 

36.5 


1.8 
3.6 
5.4 
7.  2 

8.9 

10.7 

12.5 
14.3 
16.1 

17.9 

19.7 

21.5 


1.8 

3.5 

5.3 

7.0 

8.8 

10.5 
12.3 
14.0 
15. 

17.5 


83 


1.7 

3.4 

5.1 

8.9 

8.6 

10.3 

12.0 

13.7 


1.7 

3.4 
5.0 

6.7 

8.4 

10.1 

11.7 

13.4 


19.3 
21.0 
23.  3 22.  8 
25. 0 24.  5 
26.  8 26.  3 

28.  6 28.  0 
30. 4 29. 8 
32.  2 31.  5 
34.  0 33.  3 
35. 8 35.  0 


5. 4 15. 1 
37. 1 16.8 

18.  S1 18. 4 
20.  6 20. 1 
22.  3 21.  8 

24.  0 23.  5 

25.  7 25.  2 


1.6 

3.3 

4.9 

6.6 

8.2 

9.8 

11.2 

13.1 

14.7 
16.4 

18.0 

19.7 

21.3 

22.4 


1.6 

3.2 
4.8 
6.4 
8.0 

9.6 

11.2 

12.8 

14.4 

16.0 

17.6 

19.2 
20.8 
22.9 


38.3 

40. 

41.9 

43.8 

45.6 


37.  6 36.  8 
1 39. 4 38.  6 
41. 140.3 
42. 9 42. 1 
44.  7 43.  8 


49.8 

51.7 

53.6 


49. 1 48.  3 


51.0 

52.9 

54.7 

56.6 


51.  0 50.  4 
53.  0 52. 4 
54.9  54.3 
56.  9 56.  3 55.  6 
58.  8 58.  2 57.  5 

60.8  60. 1159. 4I58.  5 

62.8  62. 1 61.3  60.4 
64.  7,64.  0 63.  2 
66.  7 66.  0 65. 1 
68.  6 67.  9 67. 0 


50.1 

52.0 

53.9 

55.7 


70.  6 69.  9 69. 0 


57.6 
59.4 
62.  3 61.  3 
64.  2.63. 1 


66. 1 65. 0 


72.  6 71.  8 
74. 5 73. 7 
i.  5 75.  7 
1 78.4  77.6 


82  81.6  81.180.4  79.6 
84  83.6  83.1  82.4  81.5 
86  85.6,85.0  84.3  83.4 
88  87.6  87.0  86.3  85.4 


90  89.6  89.0 


88.  3 87.  3 


70.9 

72.8 

74.7 

76.6 

78.5 

80.5 
82.4; 
84.3 
86.2 


92  91.  5 91. 0 90.  2 89.  3 


94  ,93.5193.0 
96  195.5  94.9 
98  !97.  5196. 9 
100  199.  5|98. 9 

I 


88. 1 86.  8 
90. 0 88.  7 
1 92. 0 90.  6 


47.4 
49.2 
51.1 
52.9 
54.7 

56.  5 

58.4 
60.  2 59. 0*57.  8 


46.  5 45.  6 
48.  3 47.  3 
50. 1,49. 
51.  9 50.  8 
53.  7^2.  6 

55.  5:54.3 


27.4 

29.2 

30.9 

32.6 

34.3 

36.0 

37.7 

39.4 
41.2 

42.9 

44.6 

46.3 
148.0 

49.7 

51.4 


26.8 

28.5 

30.2 

31.9 

33.5 

35.2 

37.9 

38.6 

40.2 

41.9 

43.6 

45.3 
47.0 
48. 

50.3 


53.2 
57.  2 56. 1 54.  9 


68.0 

69.8 

71.7 

73.6 

75.5 


66.9 


62.0 

63.8 


^ ui.  56.  6 
60.8  59.6  58.3 
62.  6 61.  3 60.  0 


70. 

72.4 

74.3 


65.7 
7 67.5 
>.3 
71.1 
73.0 


77.  4 76. 
79.  3 78. 0 
81.  2,79.  9 
83. 181.7 
85.  0 83.  6 


174. 


92.  2 91.  2 

94. 1 93. 

96. 1 95. 1 93.  9|92.  5 91. 0 

98. 1 97. 0 


95.  8 94. 


85.4 

87.3 

89.1 


4j92. 


1.8 


64.4 
66.2 
68.0 

69.8 

71.6 

73.3 

75.1 

76.9 

78.7 

80.5 


63. 1 61.  7 
64.  8,63.  5 
66.  6 1 65.  2 
68.  3 66.  9 

70. 1 68.  6 


76.6 
78.4 
80.2 
82.1 

83. 9 82.  3 
85.  7 84. 
87.  5 85.  9 
89.  4;  87. 
91.  2 89.  4 


71.9 

73.6 
75.4 

77.1 

78.9 

80.6 
182.4 

84.1 
7 85.9 

87.6 


70.3 

72.0 

73.7 

75.5 

77.2 

78.9 

80.6 

82.3 

84.0 

85.7 


24.  6 24. 0 

26.  2,25.  6 

27.  9 27.  2 
29.  5 '28.  8 
31. 1 30. 4 
32.  8 32.  0 

34. 4 33.  6 
36.  0 35.  2 
37.7136.8 
39.3  38.4 
41. 0 40.  0 


1.6 

3.  1 

4.7 

6.2 

7.8 

9.4 

10.9 

12.5 

14.1 

15.6 

17.2 

18.7 

21.3 

21.9 


1.5 

3.0 

4.6 
6.  1 

7.6 

9.1 

10.7 

12.2 

13.7 

15.2 

16.8 

18.3 
19.8 

21.3 


1.5 
3.0 

4.5 

5.9 
7.4 

8.9 

10.4 
11 

13.4 
14.9 


1.5 

2.9 

4.4 

5.8 

7.3 

8.7 

10.2 

11.6 

13.1 

14.5 


23. 4 22. 9 

25.  O' 24.  4 

26.  5 25.  9 

28. 127.4 
29.  7,29.  0 
31.  2 30.  5 


16.4 

17.8 

19.3 

20. 


15.9 
17.4 
19.8 
20.3 
22.  3 21.  7 

23. 8l23.  2 

25.  3:24.  6 

26.  8 26. 1 
28.  2 27.  5 


42.6 

44.2 

45.9 

7.5 

49.1 


6 4' 


52.0 
53.7 
55.3 

57.0 
58. 


41.6 

43.2 

44.8 

46.4 

48.0 


32.  8 32. 0 

34.  4|33.  5 

35.  9 35.  0 
37.  5 36.  6 
39. 0 38. 1 

40.  6 39.  6 

42.  2 41. 

43.  7 '42.  7 


45.  3*44.  2 
46.8,45.7 

50.  8 49.  6 48. 4 47.  2 
52. 4 51.  2 50.  0 48.  8 
54. 1 52.  8 51.  5 50.3 
55.  7,54.  4j53.  1 151.8 
7 57.  3;56. 0,54.7,53." 


29.7 

31.2 

32.7 

34.2 

35.7 

37.2 

38.7 

>.  1 

41.6 
43.1 

44.6 


29.0 

30.4 

31.9 

33.3 

34.8 

36.2 

37.7 


140. 


39. 1 38.  2 
40.  6 39.  6 


42.0 


46.1 
47.6 

49.1 
50.5 

3 52.0 


43.  5 42. 4 

44.  9 43.  8 
46. 4 45.  3 
47.  8 46.  7 


60.4 
62.0 
63. 

65.4 
67. 


59.  0 57.  6!56.  2 54. 

_ 60.  6 59.  2 57.  8 56.  . 
7 62.  3 60.  8 59.  3 57.  9 
63.  9 62.  4,60.  9159.  4 
1 65.5  64.0,62.5,61. 


9 53. 


.5 
4 55.0 
56.5 
58.0 
1.5 


68.8 

70. 

72. 

73. 
75. 


0 59. 

67.  2 65.  6*64. 0*62.  5 61. 0 
4 68.  i 
1 70.- 


!.  8 67.  2 65.  6 64.  0 62. 4 
'.  4 68.  8 67. 1 65.  5 53.  9 
8 72. 1 70.  4 68.  7 67.  0 65. 4 
3.  7 72.  0 70.  3;68.  6 66.  9 


5 73. 

77. 1 75. 41 73.  6 
78.  8 77. 0 75.  2 
80.  5 78.  6 76.  8 

82.  2 80. 3 78. 4 

83.  8 81.  9 80. 0 

1 I 


71.8 

73.4 

75.0 

76.5 

78.1 


70.1 

71.6 

73.1 

74.7 

76.2 


68.4 
69.9 

71.4 
72.8 
74.3 


1.4 
2.8 
4.2 
5.7 
7.1 

8.5 
9.9 

11.3 

12.7 

14.1 

15.6 

17.0 

18.4 

19.8 

21.2 

22.6 

24.0 

25.5 

26.9 

28.3 

29.7 

31.1 

32.5 

33.9 

35.4 

36.8 


41.0 


49.3 

50.7 

52.2 

53.6 

55.1 

56.5 

58.0 

59.4 
60.9 

62.3 

63.8 

65.2 

66.7 

68.1 

69.6 
71.0 

72.5 


48.1 

49.5 

50.9 

52.3 

53.7 

55.2 

56.6 

58.0 

59.4 

60.8 

62.2 

63.6 

65.1 

66.5 

67.9 
69.3 

70.7 
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WEIGHTS  AND  MEASURES 


LINEAR  UNITS 

1 foot =12  inches. 

1 yard =36  inches  (3  feet). 

1 rod=16.5  feet  (5.5  yards). 

1 mile=5,280  feet  (1,760  yards,  320  rods,  80 
chains). 


weight 

1 pound  = 16  ounces. 

1 ton,  ordinary =2, 000  pounds. 

1 ton,  long= 2,240  pounds. 

Water  ^ 

1 cubic  foot  weighs  62.4283  pounds. 

1 cubic  yard  weighs  1,685.56  pounds. 

1 United  States  gallon  weighs  8.34545  pounds. 
1 United  States  gallon=231  cubic  inches. 

1 Imperial  gallon  weighs  10.0172  pounds. 

1 Imperial  gallon =277.27  cubic  inches. 

Timber 


Gunthers 

1 chain=66  feet  (4  rods,  100  links). 
1 link =7.92  inches  (0.66  foot). 


SURFACE 

square  foot =144  square  inches. 

. square  yard =1,296  square  inches  (9  square 
feet) . 

. acre =43, 560  square  feet  (4,840  square  yards, 
160  square  rods,  10  square  chains) . 

L square  mile =27,878,400  square  feet  (3,097,600 
square  yards,  640  acres). 


Weight  per  f.  b.  m. 


Logs 

Green 

Dry, 

rough 

Dry, 

sur- 

face 

Sugar  pine 

California  white 

7.  25 

4.  50 

2. 

50 

2.00 

pine 

7.00 

3.  50 

2. 

50 

2.00 

W'hite  fir  (coast) 

7.  00 

4.  50 

2. 

70 

2.20 

Douglas  fir 

7.  00 

3.  50 

3. 

00 

2.50 

Western  yellow  pine 

7.00 

3.  50 

2. 

60 

1.  90 

Western  white  pine. 

6.  00 

3.  50 

2. 

40 

1.  80 

Redwood 

7.00 

3.  50 

2. 

40 

2.00 

Larch 

9.00 

4.00 

2. 

80 

2.50 

Spruce... 

7.00 

3.00 

2. 

60 

2.30 

W estern  hemlock. . _ 

8.  00 

3.  50 

3. 

00 

2.50 

Red  cedar 

5.  50 

3.  00 

2. 

20 

1.  70 

Materials 

Weight  per 
cubic  foot, 
pounds 

Lumber 


Brick  (common  building)  _ 


125 


VOLUME 

1 cubic  foot= 1,728  cubic  inches. 

1 cubic  foot =7.48  United  States  gallons. 

1 cubic  yard =46,656  cubic  inches  (27  cubic 
feet) . 

1 acre-foot =325,851  gallons  United  States 
liquid  (43,560  cubic  feet;  1,613.333+  cubic 
yards). 


Cement  (Portland) 75-90 

C oncrete  1:2:4  mix  (gravel)  152 

Concrete  1:3:6  mix  (about  5 pounds 
less). 

Earth: 

Common,  loose,  and  dry 70 

Common,  moist,  and  rammed 100 

Sand  or  gravel,  loose  and  dry 100 

Sand  or  gravel,  wet 120 

Masonry: 

Mortar  rubble . 155 

Dry  rubble.. 125 

Crushed  gravel 95-104 

Crushed  granite. 90 

Crushed  limestone..., 94 


50 


' 


■ 


WIRE  NAILS 


Size 

Length 

Number 

per 

pound 

Size 

Length 

Number 

per 

pound 

2d  

Inches 

1 

900 

20d_ 

Inches 

4 

29 

3d  

m 

m 

1H 

2 

615 

30d 

5 

23 

4d  - 

322 

40d 

17 

5d 

250 

50d 

6 

13  Vi 
10H 
7 

6d  

200 

60d 

7d  

2H 

2y2 

2% 

3 

154 

70d__ __ 

7 

8d 

106 

80d 

8 

6 

9d  

85 

90d 

9 

5 

lOd - 

74 

lOOd 

10 

4 

12d 

3H 

3M 

57 

120d 

12 

3 

16d 

46 

FENCE  STAPLES 


Size 

Number 
per  pound 

Size 

Number 
per  pound 

Size 

Number 
per  pound 

1 inch 

108 

V/i  inches 

87 

\z/i  inches 

65 

VA  inches 

96 

1 Yz  inches 

72 

2 inches 

58 

% 


% 


ABNEY  LEVEL— BUBBLE  ADJUSTMENT 


Select  two  trees  or  other  objects  about  100  feet  apart  on  nearly  level  ground,  as  shown  in 
figure.  Set  a mark  at  a;  then  move  to  b.  Set  the  index  arm  of  the  Abney  at  0 and  sight 
a from  b;  move  the  Abney  up  and  down  at  6 till  some  point  is  found  which  apparently  is  on 
a level  line  through  a.  Mark  the  point  at  b. 

Now  move  to  position  c and  repeat  the  operations  that  were  performed  at  b and  determine 
point  c.  Set  a point  d midway  between  a and  c which  produces  the  true  level  line  db  from 
which  the  adjustment  should  be  made. 

As  a final  test,  read  up  and  down  between  two  definite  objects  on  a steep  slope  (30  to  45 
per  cent).  If  both  readings  are  identical,  the  instrument  is  in  good  adjustment. 
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